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REMARKS 

Formal Matters 

Claims 1-3, 16 and 20 are pending. 

Claims 1-3, 16 and 20 were examined and rejected. 

Claim 2 is amended for clarity. No new matter is added. 

Applicants respectfully request reconsideration of the application in view of the remarks made 

herein. 

Rejection under 35 U.S.C. § 112, first paragraph 

Claims 2, 3, 16 and 20 are rejected under 35 U.S.C. § 112, first paragraph, as containing subject 
matter that is assertedly inadequately described by the instant specification. 

The Office asserts that a "first gene" is inadequately described by the instant application. The 
Office suggests using the term "first encoding polynucleotide" instead of the term "first gene" in the 
claims. 

Without any intention to acquiesce to this rejection and solely to expedite prosecution, claim 2 
has been amended to recite a "first encoding polynucleotide" as kindly suggested by the Examiner. 
Withdrawal of this rejection is respectfully requested. 

Re jections under 35 U.S.C. § 103- general discussion 

All pending claims remain variously rejected under 35 U.S.C. § 103(a). In each instance, the 
rejections of the claims under § 103(a) are based on a combination Bryan and Aran or Zolutukhin, with 
or without additional references. For example, the Office asserts that Bryan's GFP, in combination with 
Aran's retroviral vectors, renders the subject matter of the instant claims obvious. 

The Office rebuts the Applicants' previous traversal of the rejection by arguing that: a) the Aran 
reference represents a generic teaching of the use of GFPs, and b) Bryan teaches that Aequorea and 
Renilla GFPs are interchangeable, although Renilla GFP is preferred. The Office also notes that the 
Applicants have not provided any scientific rationale why benefits obtained using Aequorea GFP would 
not be extrapolatable to Renilla GFP. 
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The Applicants respectfully disagree with the Office's reasoning for maintaining the rejection. 
Support for the Applicants' position is set forth below. 
Aran s teachings are not generic for any GFP 

As is well established in the law, and as set forth in MPEP § 2123, a reference may be relied 
upon for all that it reasonably suggests to one having ordinary skill in the art. 1 Accordingly, a teaching 
of the reference cannot be viewed in isolation, but rather must be considered in the context of what it 
would have suggested to one of skill in the art. 

The Applicants respectfully submit that one of skill in the art would recognize that Aran's 
teachings are restricted to Aequorea GFP. Aran in fact defines "GFP" to mean a modified GFP of 
Aequorea victoria: 

For example, Aran states: 

In this study, we have designed two bicistronic units containing the MDR1 gene 

and the reporter genes coding for Escherichia coli p-galactosidase (p-gal) (lacZ) and for a 

humanized, red-shifted green fluorescent protein (GFP) from the jelly fish Aequorea 

victoria. 

(Aran, page 196, col. 1, first full paragraph; citations omitted; underlining added by Applicants) 

Aran defines a GFP that is not so modified as "wild-type GFP (wtGFP)" (page 204, col. 1, first 
full paragraph. 

In light of these definitions in Aran, the ordinarily skilled artisan would reasonably interpret 
other references to "GFP" throughout Aran to mean a modified Aequorea victoria GFP and reference to 
"wtGFP" to mean a wild-type Aequorea victoria GFP. 

Accordingly, one of skill in the art would recognize that Aran's teachings are restricted to a wild- 
type or modified Aequorea GFP, and do not encompass other GFPs such as a Renilla GFP. Accordingly, 
and in contrast to the Office's position, the Applicants respectfully submit that Aran provides no 
suggestion to provide a retroviral construct encoding a Renilla GFP. 

1 MPEP § 2123 : A reference may be relied upon for all that it would have reasonably suggested to one having ordinary skill 
the art, including nonpreferred embodiments." citing Merck & Co. v. Biocraft Laboratories, 874 F.2d 804, 10 USPQ2d 1 843 
(Fed. Cir.), cert, denied, 493 U.S. 975 (1989). See also Celeritas Technologies Ltd. v. Rockwell International Corp., 150 F.3d 
1354, 1361, 47 USPQ2d 1516, 1522-23 (Fed. Cir. 1998) (The court held that the prior art anticipated the claims even though 
it taught away from the claimed invention. "The fact that a modem with a single carrier data signal is shown to be less than 
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Aequorea and Renilla GFPs are not interchangeable in a retroviral vector 

The Office argues that Aequorea and Renilla GFPs are interchangeable in a retroviral vector. 
However, Aran explicitly indicates that this is not the case. 

The Examiner's attention is drawn to the first full paragraph of page 204 of Aran's disclosure. In 
this paragraph, Aran states that when a retroviral vector encoding a wild type Aequorea GFP was 
introduced into in a mammalian cell, fluorescence was undetectable. In contrast, a retroviral vector 
encoding a wild type Renilla GFP, as disclosed in the Examples of instant patent application, produces 
detectable levels of GFP in mammalian cells. 

Therefore, Aran's disclosure indicates that there is unpredictability in obtaining expression of a 
GFP from a retroviral vector in a mammalian cell. Aran itself indicates that at the time of filing, there 
was no reasonable expectation of success in expression of a GFP in a mammalian cell from a retroviral 
vector. Aran thus supports Applicants' assertion that there is no reasonable expectation of success in 
substituting a Renilla GFP for the Aequorea GFP of Aran. 

Applicants' assertion is further bolstered by the fact that Aequorea GFP and Renilla GFP share 
on the order of only about 25% amino acid sequence identify (see Figure 1 of Applicants disclosure). 

In other words, Applicants assert that one of ordinary skill in the art would have no reasonable 
expectation of success of expression of a Renilla GFP in a mammalian cell from a retroviral vector, 
particularly when considering both the difficulties of Aran in expressing Aequorea GFP and the fact that 
the amino acid sequences of Aequorea and Renilla GFP are very different. 

The combined disclosures of Bryan and Aran do not provide a reasonable expectation of success 
in the practice of the claimed invention and thus can not render the claimed invention obvious 

Prima facie obviousness requires that each of three basic criteria be satisfied. First, there must be 
some suggestion or motivation, either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference or to combine reference teachings. 2 



optimal does not vitiate the fact that it is disclosed."). 

2 In re Fine, 5 USPQ2d 1596 (Fed. Cir. 1988); In re Jones, 21 USPQ2d 1941 (Fed. Cir. 1992). 
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Second, there must be a reasonable expectation of success. 3 Third, the prior art reference, or references 
when combined, must teach or suggest all the claim limitations. 4 

As discussed above, Aran's admitted failure to express a wild type Aequorea GFP in a 
mammalian cell from a retroviral vector supports Applicants' assertion that there was unpredictability in 
expression of a GFP in a retroviral vector in a mammalian cell at the time of filing. In fact, prior to the 
instant filing date, several research groups independently experienced great difficulty in using a 
retroviral vector encoding Aequorea GFP. For example, Hanazono (Hum. Gene Ther. 1997, 8:1313-9; 
enclosed as Exhibit A) stated in the abstract that "many attempts by our laboratory to isolate stable 
retroviral producer cell clones secreting biologically active vectors containing either the highly 
fluorescent S65T-GFP mutant or humanized GFP have failed" (emphasis added), and with reference to 
retroviral vectors encoding GFP, stated in the overview "stable clones produced neither virus nor GFP" 
and "GFP may not be a suitable selective marker in mammalian gene transfer systems". 

Also, the first full paragraph of p. 613 of Levy et al (Nature Biotechnology 1996, 14: 610-4; 
paper enclosed as Exhibit B) states that "Our experiments are in agreement with these results in that 
transient transfection which transfers multiple transgene copies of wildtype GFP expression cassettes 
were visualized, but we found that stable transduced lines with a single transgene copy of wildtype GFP 
could never be visualized by fluorescence microscopy (Table 1). However, our results demonstrate that a 
humanized, red shifted GFP transgene in single copy can produce excellent fluorescence." (emphasis 
added). Further, Cheng et al (Nature Biotechnology 1996, 14: 606-609; paper enclosed as Exhibit C) 
states in the second paragraph of the introduction "the expression and detection of wildtype GFP 
(wtGFP) in mammalian cells reportedly failed" (emphasis added). 

Further, several other publications generally state that Aequorea green fluorescent papers are 
toxic to living cells (see Lie et al Biochem. Biophys. Res. Commun. 1999, 260:712-717, Duisit et al. 
Mol. Ther. 2002 6:446-454 and various publications by Stratagene, enclosed as Exhibits D, E and F). 

It was not until the publications of Levy et al (Nature Biotechnology 1996, 14: 610-4; paper 
enclosed as Exhibit B) and Cheng et al (Nature Biotechnology 1996, 14: 606-609; paper enclosed as 
Exhibit C) that red-shifted, humanized, optimized variants of Aequorea GFP suitable for use in retroviral 
vectors became available. Identifying these Aequorea GFP variants was not a trivial task. 

3 In re Merck & Co., Inc., 23 1 USPQ 375 (Fed. Cir. 1986). 
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In short, at the time of filing of the instant application, there was no way of knowing if Renilla 
GFP could be successfully expressed in a mammalian cell using a retroviral vector. In view of this 
unpredictability, there is no reasonable expectation of success in expression of a Renilla GFP from a 
retroviral vector in a mammalian cell. 

Bryan does nothing to overcome the unpredictability in the field with respect to expression of a 
GFP in a retroviral vector. As described in Bryan at column 103, lines 4-6, Bryan merely describes 
transfection of HeLa cells with a vector for transient expression using a vector that is not a retroviral 
vector (pcDNA3.1 5 ), and detection of GFP expression 8 hours thereafter. The work described in Bryan 
cannot predict the results that might be achieved if a retroviral vector were used. Stated differently, 
Bryan does nothing to overcome the lack of reasonable expectation of success. 

In view of the foregoing discussion, Applicants respectfully submit that neither Aran nor Bryan, 
taken alone or in combination, render the claimed invention obvious. Withdrawal of rejections that rely 
on the disclosures of these references is respectfully requested. 

Each of the rejections set out in the Office Action is addressed in detail below. 

Rejection under 35 U.S.C. § 103 - Bryan and Aran 

Claims 1-3 and 16 remain rejected under 35 U.S.C. § 103(a) as being unpatentable over Bryan 
and Aran. The Office Asserts that Bryan's GFP, in combination with Aran's retroviral vectors, renders 
the subject matter of the instant claims obvious. This rejection is respectfully traversed. 

As discussed above, Bryan and Aran, either taken alone or in combination, cannot render the 
claimed invention obvious. Bryan only describes transient transfection and expression of a Renilla GFP 
in a mammalian cell using a vector that is not a retroviral vector. The Renilla GFP of Bryan can not 
simply be substituted for the Aequorea GFP of Aran since, given the state of the art at the time of filing, 
the ordinarily skilled artisan would have no reasonable expectation of success in obtaining expression of 
a GFP from a retroviral vector in a mammalian cell. For example, Aran itself states that expression of 
wild-type Aequorea GFP in a mammalian cell from a retroviral vector did not work. Applicants' 
assertions regarding the unpredictability in the field are further supported by the literature as discussed 
above. 



4 In re Royka, 180 USPQ 580 (CCPA 1974). 
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Accordingly, the Applicants respectfully submit that a prima facie case of obviousness has not 
been established, and this rejection should be withdrawn. 

Rejection under 35 U.S.C. § 103 - Aran and Bryan 

Claims 1-3,16 and 20 are rejected under 35 U.S.C. § 103(a) as being unpatentable over Aran and 
Bryan. The Office Asserts that Aran's retroviral vectors, in combination with Bryan's GFP, renders the 
subject matter of the instant claims obvious. 

As discussed above, Aran and Bryan, either taken alone or in combination, cannot render the 
claimed invention obvious. Aran, in fact, indicates that expression of a wild-type GFP from a retroviral 
vector in a mammalian cell did not work. Bryan only describes transient transfection and expression of a 
Renilla GFP in a mammalian cell using a vector that is not a retroviral vector. The retroviral vector of 
Aran can not simply be combined with the Renilla GFP of Bryan to form the basis of a rejection of the 
claims for obviousness, as these combined references fail to provide a reasonable expectation of success. 
Applicants' assertions regarding the unpredictability in the field are supported by the literature as 
discussed above. 

Accordingly, the Applicants respectfully submit that a prima facie case of obviousness has not 
been established, and this rejection should be withdrawn. 

Rejection under 35 U.S.C. § 103 - Aran, Bryan and Zolutukhin 

Claim 20 is rejected under 35 U.S.C. § 103(a) as being unpatentable over Aran, Bryan and 
Zolutukhin. The Office Asserts that Aran's retroviral vectors, Bryan's Renilla GFP and Zolutukhin's 
human codon optimized GFP renders the subject matter of the instant claims obvious. 

The disclosures of Aran and Bryan are discussed above in detail. For sake of brevity, these 
arguments are not repeated here. 

Zolutukhin is cited to provide human codon optimized GFP. However, given the unpredictability 
in the field with respect to expression of a GFP from a retroviral vector, providing a human codon- 
optimized GFP does nothing to cure this problem in the art. As discussed in detail above, this assertion 
is supported by the literature at the time of filing of the instant application. In particular, Hanazono 



5 See Exhibit G 
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(Hum. Gene Ther. 1997, 8:1313-9; abstract enclosed as Exhibit A) stated that "many attempts by our 
laboratory to isolate stable retroviral producer cell clones secreting biologically active vectors containing 
either the highly fluorescent S65T-GFP mutant or humanized GFP have failed'' (emphasis added). 
Until the work was actually done, there was no reasonable expectation of success of producing Renilla 
GFP in a mammalian cell using a retroviral vector 

Accordingly, Applicants respectfully submit that a prima facie case of obviousness has not been 
established, and this rejection should be withdrawn. . 

Re jection under 35 U.S.C. § 103 - Zolutukhin and Bryan 

Claims 1-3, 16 and 20 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Zolutukhin and Bryan. The Office Asserts that Zolutukhin' s human codon optimized GFP retroviral 
vector, in combination with Bryan's Renilla GFP, renders the subject matter of the instant claims 
obvious. 

As discussed in detail above, at the time of filing of the instant application, there was 
unpredictability as to the ability to express a GFP in a mammalian cell using a retroviral vector. This 
assertion is supported by the literature at the time of filing of the instant application. In particular, 
Hanazono, Aran, Levy and Cheng, and others, as discussed above, indicate that several research groups 
independently experienced great difficulty in using a retroviral vector encoding A equorea GFP. Until the 
work was actually done, there was no reasonable expectation of success of producing Renilla GFP in a 
mammalian cell using a retroviral vector 

The arguments presented in detail above apply with equal force to the rejection of the claims 
based upon the combination of Zolutukhin and Bryan. Thus this rejection should also be withdrawn 
because the references provide no reasonable expectation of success in the practice of the invention 
given the state of the art at the time of filing. Zolutukhin or Bryan's statements about the desirability of 
Renilla GFP as a reporter for mammalian cells do not provide any reasonable expectation of success. 

Accordingly, the Applicants respectfully submit that Zolutukhin and Bryan cannot be combined 
to render the claimed invention obvious, and this rejection should be withdrawn. 
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CONCLUSION 

Applicant submits that all of the claims are in condition for allowance, which action is requested. 
If the Examiner finds that a telephone conference would expedite the prosecution of this application, 
please telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any underpayment of fees associated with this 
communication, including any necessary fees for extensions of time, or credit any overpayment to 
Deposit Account No. 50-08 1 5, order number RIGL-01 1 . 

Respectfully submitted, 

BOZICEVIC, FIELD & FRANCIS LLP 



Date: April 2. 2004 



BOZICEVIC, FIELD & FRANCIS LLP 
200 Middlefield Road, Suite 200 
Menlo Park, CA 94025 
Telephone: (650) 327-3400 
Facsimile: (650)327-3231 

Enclosures: Exhibits A-F 

F:\DOCUMENT\RIGL (Rigel)\01 l\Response to OA dated January 13, 2004.doc 



By: 
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S. Keddie, Ph.D. 
ebistration No. 48,920 




10 



This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



MAR. 1 7.2004 9:1 2AM Mail I N FOG AT E -IE INFO EXPRESS 

HUMAN GENE THERAPY 8:1313-1319 (July 20, 1997) 
Mary Ann liebert, Inc. 



Green Fluorescent Protein Retroviral Vectors: 
Low Titer and High Recombination Frequency 
Suggest a Selective Disadvantage 

YUTAKA HANAZONO, JIAN-MEI YU, CYNTHIA E. DUNBAR, and ROBERT V.B. EMMONS 



ABSTRACT 

Green fluorescent protein (GFP) has been used as a reporter molecule for gene expression because it fluo- 
resces green after blue-light excitation. Inclusion of this gene in a vector could allow rapid, nontoxic selection 
of successfully transduced cells. However, many attempts by our laboratory to isolate stable retroviral pro- 
ducer cell clones secreting biologically active vectors containing either the highly fluorescent S65T-GFP mu- 
tant or humanized GFP have failed. Vector plasmids containing various forms of GFP and the neomycin re- 
sistance gene were transfected into three different packaging cell lines and fluorescence was observed for 
several days, but stable clones selected with G418 no longer fluoresced. Using confocal microscopy, the bright- 
est cells were observed to contract and die within a matter of days. RNA slot-blot analysis of retroviral pro- 
ducer supernatants showed no viral production from the GFP plasmid-transfected clones, although ail clones 
derived after transfection with an identical retroviral construct not containing GFP produced virus. Genomic 
Southern analysis of the GFP- transduced clones showed a much higher probability of rearrangement of the 
priviral sequences than in the control non-GFP clones. Overall, 18/34 S65T-GFP clones and 17/33 human- 
ized-GFP clones had rearrangements, whereas 2/15 control non-GFP clones had rearrangements. Hence, pro- 
ducer cells expressing high levels of these GFP genes seem to be selected against, with stable clones undergo- 
ing major rearrangements or other mutations that both abrogate GFP expression and prevent vector 
production. These observations indicate that GFP may not be an appropriate reporter gene for gene trans- 
fer applications in our vector/packaging system. 
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OVERVIEW SUMMARY 

In this study, we systemicaily examined the production of 
retroviral vectors expressing green fluorescent protein 
(GFP) and report that, despite the production of low levels 
of vector from bulk populations of fluorescing packaging 
cells soon after transfection, stable clones produced neither 
virus nor GFP. A significantly higher frequency of re- 
arrangement of the proviral sequences in the stable clones 
was found by genomic Southern analysis compared to con- 
trol producer cell lines. This implies a selective advantage 
for those clones that rearrange the GFP gene and abrogate 
its expression. Hence, GFP may not be a suitable selective 
marker for mammalian gene transfer applications in our 
vector/packaging system. 



INTRODUCTION 

Green fluorescent protein (GFP) is derived from the jel- 
lyfish Aequoria victoria. The GFP cDNA encodes a 238- 
amino-acid protein with a molecular weight of 27 kD (Prasher 
et ai, 1992). Blue light stimulates the excitation and green flu- 
orescence from a cyclized GFP fluorophore formed by serine- 
65, tyrosine-66, and glycine-67. light-stimulated fluorescence 
does not require co-factors, substrates, or additional gene prod- 
ucts, unlike other fluorescent markers. The signal is detectable 
by both fluorescent microscopy or fluorescence-activated cell 
sorting (FACS) analysis of live cells (Chalfie et al. t 1994). 
However, the fluorescence of wild-type GFP after visible spec- 
trum excitation is not strong enough for most applications. 
Therefore, variants of GFP, such as S65T-GFP in which ser- 
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ine-65 is altered to threonine, have been developed resulting in 
a red-shifted excitation peak and four- to six-fold improvement 
in emission intensity (Heim et al. t 1995). Recently, another mu- 
tant GFP, humanized S65T-GFP (hGFP), was derived to opti- 
mize human-type codon usage, possibly resulting in the im- 
proved translation of the gene {Levy et aU % 1996; Zolotukhin 
et o/., 1996). 

In the field of gene transfer technology, marker genes al- 
lowing direct and simple detection of successfully transduced 
cells would be extremely useful (Kain and Ganguly, 1995). 
The possibility of immediately selecting for successfully 
transduced viable cells by simple FACS would be especially 
welcome in the field of gene transfer to hematopoietic stem 
and progenitor cells (Dunbar and Emmons, 1994). Gene 
transfer efficiencies, even with widely used and well -devel- 
oped murine retroviral vectors, are very low and an ability to 
select and possibly expand transduced cells could greatly im- 
prove the possibility for real therapeutic applications. Detec- 
tion of marker gene products such as jG-galactosidase 03-Gal), 
luciferase, chloramphenicol acetyltransferase (CAT), or al- 
kaline phosphatase involves either cell fixation, which kills 
the cells, or antibody-mediated detection, which is time-con- 
suming and can be prone to high background. Drug resistance 
genes allow positive selection of transduced cells only with 
days to weeks of growth in selective media, likely changing 
the characteristics of the target cells through terminal differ- 
entiation or other processes. These problems have stimulated 
investigators to search for a better gene marker system that 
provides timely, accurate, and nontoxic detection of suc- 
cessful transduction in living cells. One of the candidates is 
GFP. 

We have attempted to isolate stable retroviral producer cell 
lines packaging a retroviral vector containing the GFP gene 
and the neomycin resistance (neo) gene. In this report, we 
demonstrate that stable clones producing GFP vectors could 
not be isolated after drug selection despite initial detection of 
GFP expression in the packaging cell lines. The G418-resis- 
tant clones were found to have rearranged at high frequency, 
precluding GFP expression and vector production, presumably 
due to a strong selective advantage for loss of GFP expres- 
sion. 



MATERIALS AND METHODS 

Plasmid construction 

The plasmid pGlNa (Genetic Therapy Inc., Gaithersburg, 
MD) served as the backbone for our GFP vectors. For 
pGlNGFP, a splice donor site was inserted 5' to the neo gene, 
and a splice acceptor site and the S65T variant of the GFP gene 
(Clontech, Palo Alto, CA) were introduced 3' of the neo gene 
such that both genes were driven from the 5' long terminal re- 
peat (LTR). pGlXGFP was produced by inserting the S65T- 
GFP gene 5 ' of the neo gene in pGlNa under the control of the 

5'-LTR- An SV40 immediate early promoter was then inserted 
5' of the neo sequence to drive this gene (Fig. 1). pGlNhGFP 
was then constructed by replacing the S65T-GFP gene in 
pGlNGFP with the humanized form of the S65T-GFP (hGFP) 
gene (Clontech, Palo Alto, CA). 



pG1Na 



pGlNGFP 



pGIXGFP 



5'LTR 



O NEO «FP 







GFP 




sv 







3'l.TR 



FIG. 1. Retroviral plasmid constructs. The backbone of the 
retroviral constructs was pGlNa. Two retroviral constructs, 
both expressing S65T-GFP from the 5' LTR promoter, were 
produced In one construct, a neo gene shared the 5' LTR pro- 
moter through a splice donor-acceptor site (pGlNGFP) and in 
the other construct neo was driven by an SV40 promoter in- 
dependently (pGIXGFP). LTR, long terminal repeat; GFP, 
S65T form of the GFP gene; NEO, neomycin resistance gene; 
S V, S V40 immediate early promoter; SD, splice donor site; SA, 
splice acceptor site; "Sk, viral packaging signal. 



Retroviral producer cell lines 

^-CRIP (Danos and Mulligan, 1988) and PA317 (Miller 
and Buttimore, 1986) are murine amphotropic retroviral pack- 
aging cell lines. ^-2 (Mann etaL, 1983) is a murine ecotropic 
retroviral packaging cell line. Cells were grown in Dulbecco'.s 
modified Eagle's medium (DMEM) supplemented with 10% 
newborn calf serum (GIBCO-BRL, Gaithersburg, MD) at 
37°C and 5% C0 2 . ^-CRIP, PA317, and ^-2 cells were 
transfected with plasrnids by the lipofectin method according 
to the manufacturer's protocol (GIBCO-BRL). After 48 hr, 
some plates were exposed to media containing 400 u>gfvol 
G418 (active) (GIBCO-BRL) and other plates were split 1:5, 
1:10, 1:20, 1:50, and 1:100 into the G418-containing selec- 
tive media. The cells were grown for 10-14 days and either 
bulk G418-resistant or macroscopic individual clonal popu- 
lations were expanded for further study. Clones were grown 
for 2-4 weeks before culture supernatant was harvested for 
slot-blot hybridization and DNA was extracted for Southern 
blot analysis. 

GlNa.40 is a cloned amphotropic GlNa-producer cell line 
derived from PA3I7 (Genetic Therapy Inc., Gaithersburg, MD) 
with a titer of 1-5 X 10 6 particles/ml. 



Shuttle packaging experiments 

We used the BOSC23 cells for transient expression of retro- 
viruses (Pear et al. t 1993). The cells were transfected with plas- 
rnids by the calcium phosphate method described elsewhere 
(Pear et a/., 1993). Two days after transfection, the supernatants 
containing viruses were collected and filtered. Virus production 
from the BOSC23 cells was confirmed by the slot-blot analy- 
sis, as described below. Packaging cells were infected with the 
supernatants of the BOSC23 cells as previously described 
(Migita et aU 1995). 
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Fluorescent microscopy 

A fluorescent confocal microscope with a mercury arc lamp 
(100 watt) and a fluorescent filter set (consisting of a 480/40- 
nm excitation filter and a 535/50-nm emission filter) was used 
to detect GFP in living cells (Nikon, Melville, NY). 

Slot-blot analysis 

Supernatants from 70-90% of-confluent producer cells were 
filtered through 0.45-jwn filters. One milliliter of each super- 
natant was precipitated with 30% polyethylene glycol 8000 
(Fisher Scientific, Fair Lawn, NJ) and the pellets were resus- 
pended with 200 jj\ of Tris-EDTA buffer (ph 7.4) containing 
10% (wt/vol) vanadyl ribonuclease. complex (Gibco BRL, 
Gaithersburg, MD) and 100 /ug/ml of yeast tRNA (GIBCO-BRL) 
and then lysed by adding 200 pd of 2X lysis buffer (1% SDS, 
0.6 M NaCl, 20 mAfEDTA, and 20 mAf Tris^HCl pH 7.4). Retro- 
viral RNA was extracted from the lysed solution by phenol. The 
RNA was reconstituted with 500 /il of a 7.5% formaldehyde so- 
lution containing 1.5 M NaCl and 150 xnM sodium citrate pH 
7.0. Next, 100 and 400 pi of each RNA sample were loaded 
into adjacent wells of the slot-blot apparatus Minifold H (Schle- 
icher & Schuell, Keene, NH) with vacuum applied. The transfer 
membrane (Hybond N + , Amersham, Cleveland, OH) was hy- 
bridized with a neo probe or GFP probe generated by PCR. The 
neo gene primers are 5 ' -ATGATTG AAC AAG ATGGATTGCA- 
3' and 5'-AGGCATCGCCATGGGTCACGACGAGAT-3'. The 
primer sequences for me S65T-GFP gene are 5'-CTGGA- 
GTTGTCCCAATrcTTGtTG-3 ' and 5 ' -TC A AG AAGG AC- 



C ATGTGGTCTCTC-3 ' , and those for the humanized S65T-GFP 
gene are 5 '-TGAACGGCCACAAGTTC AGCGTGT-3 ' and 5'- 
TTACTTG- TACAGCTCGTCCATGCC-3'. Radiolabeling of 
the probes was done using an oligolabeling kit (Pharmacia, Pis- 
cataway, NJ). 

Southern blotting 

Nuclear DNA was extracted from producer cells or N1H-3T3 
cells using a nonorganic DNA extraction kit (Oncor, Gaithers- 
burg, MD). Ten micrograms of DNA was digested with Sac I, 
separated on a 0.8% agarose gel, and transferred onto the ny- 
lon membrane Hybond-N + (Amersham, Cleveland, OH). The 
radiolabeled DNA probe was a neo or GFP gene-specific se- 
quence as described above. 



RESULTS 

Preparation of retroviral producer cells 

The two retroviral plasmids pGlNGFP and pGlXGFP were 
modified from the parental plasmid pGlNa (Fig. 1) by the in- 
sertion of the S65T form of the GFP cDNA. Amphotropic retro- 
viral packaging cells ^-CRIP and PA317 and ecotropic retro- 
viral packaging cells ^-2 were transfected with the plasmids 
pGlNa, pGlNGFP, and pGlXGFP by the lipofectin method. 
Bulk producers and cloned producer cell lines expressing GINa, 
G1NGFP, and G1XGFP were derived after G418 selection as 
described above in Materials and Methods. 



A 




B 




FIG. 2. Fluorescent microscopic observation of the ^-CRIP cells transfected with the GFP retroviral plasmid ^-CRIP cells 
^Q^ 8fccted WIth P 011 * 01 ^ bv the lipofectin method. Two days after transection, the cells were placed in the presence of 
G418. Two typical examples (A and B) are shown here. Followed under confocal microscopy, the brightest cells were observed 
to form inclusion bodies and to contract and die within 7-10 days. 



MAR. 17. 2004 9:12AM Mail I N FOG AT E- 1 E INFO EXPRESS 



1316 

Observation of producer cells under fluorescent 
microscopy 

The cells were followed beginning immediately after trans- 
fection for fluorescence using confocal microscopy. Fluores- 
cence of cells transfected with the GFP-containing plasmids was 
observed for below 5% of the ceils for the first 3-7 days of 
growth of the transfected cells, but by 10 days neither stable 
G418-selected clones nor bulk populations of cells fluoresced. 
The same Joss of fluorescence was observed with or without 
G418 selection. Followed under confocal microscopy, the 
brightest cells were observed to contract and die within the first 
7-10 days. Figure 2A shows an example of ^-CRIP cells trans- 
fected with pGlNGFP. A representative, very bright cell is 
shown at day 4 after transfection. The same cell had developed 
an inclusion body by day 7, and by day 8 the cell had con- 
tracted, died, and no longer fluoresced. Another example shows 
that two N^-CRIP cells transfected with pGlNGFP were fluo- 
rescing at day 2 after transfection (Fig. 2B). Some inclusion 
bodies were detected by day 4, and by day 5 the cells had died 
and no longer fluoresced. The same pattern of early fluores- 
cence, inclusion body formation, and death of bright cells was 
seen with PA317, ¥-2, and 3T3 cell lines transfected with the 
plasmids under the same conditions. No cells transfected with 
the control pGlNa plasmid ever fluoresced or showed similar 
patterns of inclusion body formation and cell death. 

Virus production 

Retroviral RNA was extracted from supernatants of the V- . 
CRIP producers, and slot-blot analysis was performed using a 
radiolabeled neo probe. The supernatants of the bulk G418-se- 
lected producers harvested 10-14 days after transfection were 
shown to contain low levels of viral RNA (Fig. 3A). There was 
little difference between amounts of viral RNA produced by 
bulk populations of cells transfected with pGlNa, pGlNGFP, 
or pGlXGFP. All were orders of magnitude lower than super- 
natant from the GlNa.40 clonal producer cell line used as a 
positive control. 

The supernatants from individual producer cell clones se- 
lected by growth in G418 and harvested 4-6 weeks after trans- 
fection with the pGlNa plasmid were also shown to make vi- 
ral RNA, although at levels 1-2 logs lower than the positive 
control producer GlNa.40 (Fig. 3B), However, no evidence of 
virus production from the pGlNGFP- or pGlXGFP-transfected 
clones could be obtained by slot-blot analysis (Fig. 3C). A to- 
tal of 32 clones (9 clones for G1NGFP and 23 clones for 
G1XGFP) assayed had no detectable viral RNA production. We 
have repeated the slot-blot analyses looking at virus production 
from these clones with a GFP probe, and confirmed that no vi- 
ral particles containing the GFP sequences were being produced 
(data not shown). We have also confirmed lack of virus pro- 
duction by these producer clones in a functional titering assay: 
3T3 cells exposed to the viral supernatants from the G1NGFP 
or GIXGFP clones in the presence of protamine did not be- 
come G418-resistant, and did not show any fluorescence (data 
not shown). 

Infection with transient GFP retroviruses 

The BOSC23 cells were also used to test the retroviral con- 
structs and to produce ecotropic retroviruses. We transfected 
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FIG. 3. Slot-blot analysis. Viral RNAs were extracted from 
1 ml supernatants of producer cell line conditioned media. The 
RNAs were loaded into two adjacent wells in the ratio of 1:4 
and transferred onto nylon membranes. Hie membranes were 
hybridized with a radiolabeled probe of the neo gene-specific 
DNA sequences. The positive control was the cloned producer 
cell line GlNa.40 supernatant (titer 1-5 X 10 6 particles/ml) and 
the negative control was the medium. The bulk producers (at 
10-14 days after transfection) were shown to produce retro- 
viruses of GINa, G1NGFP, and GIXGFP (A). However, pro- 
ducer cell clones at 4-6 weeks after transfection for G1NGFP 
and GIXGFP and selection with G418 no longer produced vi- 
ral RNA (C), although producer cell clones isolated at the same 
time containing GINa still produced viral RNA (B). 



the BOSC23 cells with our GFP plasmids by the calcium phos- 
phate method. Two days after transfection, when approximately 
80% of the cells fluoresced, the supernatants were harvested 
and filtered. RNA slot-blot probed with neo or GFP sequences 
revealed a high level of production of viral RNA, higher than 
a comparable producer cell line (GlNa.40) with a known bio- 
logic titer of 10 6 particles/ml (data not shown). The high per- 
centage of cells visibly expressing high-level GFP was most 
likely due to the multiple copies per cell in the BOSC tran- 
siently expressing retroviral producer system. We then infected 
PA3 17 and ^-CRIP packaging cells with the supernatants. The 
number of the cells fluorescing was below 1%, probably re- 
flecting the fact that most cells only contained a single copy of 
the vector, or a potential selective advantage favoring re- 
arrangement of the vector in the transfected BOSC cells, with 
resultant poor transduction efficiency. The brightest cells in- 
fected with the virus died approximately 1 week after infection, 
even without G418 selection, in the same way as the packag- 
ing cells directly transfected with the GFP-containing plasmids. 

Southern blot analysis of the producer cell lines 

To try and explain the inability of the stable G418-resistant 
producer clones transfected with the GFP constructs to make 
retrovirus, Southern blotting was performed. Genomic DNA ex- 
tracted from the ^-CRIP producer cell lines was digested with 
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Sac I, a restriction enzyme that cuts in the LTRs but not within 
the viral construct sequence. Each insertion of the plasmid se- 
quences in the producer cell genome should result in 2.4-, 
3.4-, and 3.6-kb bands for GlNa, G1NGFP, and GIXGFP, re- 
spectively, when probed with an internal probe such as neo gene 
sequences. 

There were rearranged bands in four of the five G1NGFP 
clones studied and in four of five GIXGFP clones (Pig. 4A). 
Some clones were completely missing the band of the correct 
size (two of the five clones for G1NGFP, one of the five clones 
for GIXGFP). One clone of G1NGFP (clone 3) had a very high 
copy number of the inserted sequence in its genome, presum- 
ably due to duplication of the gene. We have reprobed the mem- 
brane with a GFP probe: Some bands disappeared, suggesting 
complete deletion of the GFP sequences, whereas other bands 
had the same pattern as with the neo gene probe, suggesting re- 
arrangements in the viral regions (data not shown). 

In the GINa-producer cell clones derived at the same time, 
there was a significantly lower frequency of clones with re- 
arranged bands of the incorrect size (Fig. 4B) as compared to 
either GFP construct One clone had a larger rearranged band 
and was missing the correct band (clone 4). Nonetheless, the 
clone still produced viral RNA (Fig. 3C), indicating that the 
critical control and packaging sequences were intact In total, 
there were 15 rearranged bands in the 10 GFP-producer cell 
lines, but at most two rearranged bands in the five GINa- 
producer cell lines. We obtained similar results with Southern 
blotting of DNA from the ^-2 and PA317 clones (Table 1). 

Producer cell lines expressing the humanized GFP 

We have constructed pGlNhGFP in which the S65T-GFP 
gene was replaced by the humanized S65T-GFP (hGFP) gene, 
transfected the plasmid into ^-CRIP, ^-2, and PA317 cells, 
and established the producer cell lines in the same way as above. 
Early fluorescence, inclusion body formation, death of bright 
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cells, and loss of fluorescence in the cloned producer cells were 
observed, similar to results with the other GFP genes. The 
Southern blotting of the humanized GFP-producer clones 
showed a high frequency of clones with rearrangements (17/33) 
comparable to that of the native GFP-producer clones (Table 
1). 



DISCUSSION 

Other investigators have recently reported the use of wild- 
type GFP and more highly fluorescent variants as a genetic 
marker in retroviral vectors. In one study, retroviruses contain- 
ing the GFP gene were obtained by transfections of BOSC23 
cells (Cheng et aL, 1996) and only transient production of retro- 
viruses containing GFP was documented. Another group has 
established stable producer cells (PA317) expressing the hu- 
manized GFP (Levy etal., 1996). However, these producer cells 
were bulk producers followed for brief periods, not cloned cell 
lines that would typically be necessary for any preclinical or 
clinical applications. 

We have attempted to isolate cloned stable producer cell lines 
producing high titer retroviral vectors containing the GFP gene. 
However, transfected packaging cells with high levels of GFP 
expression died within several days to weeks, as demonstrated 
by following individual cells via confocal microscopy. It is 
known that GFP can form inclusion bodies in Escherichia coli 
when it is expressed at high levels (Crameri et ai, 1996). We 
observed inclusion body formation prior to cell death in the. 
transfected producer cells. Bulk-selected cells produced iow- 
titer virus for short periods, but cloned ceil lines were no longer 
fluorescent and no longer produced detectable vector RNA or 
biologically active viral particles. To exclude the possibility that 
direct trausfection of the producer clones prevented successful 
vector production and stable fluorescence, the BOSC23 system 
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FIG, 4, Genomic Southern blotting of producer cell clones. GFP- (A) and GINa-producer cell lines (B). Genomic DNAs (10 
/ig of DNA per lane) were extracted and treated with Sac I, which cuts in the LTRs but not within the viral construct sequences. 
The membranes were hybridized with a radiolabeled probe of the neo gene-specific DNA sequences. The plasraids, pGlNGFP 
(10 pg of the plasmid, lane 7 in A), pGlXGFP (10 pg of the plasmid, lane 13 in A), and pGlNa (1 pg of the plasmid, lane 7; 
10 pg, lane 8; 100 pg, lane 9 in B) were used as the positive controls. Ten picograms of pGlNGFP and pGlXGFP corresponds 
to 1.6 copy per cell, and 10 pg of pGlNa corresponds to 2.5 copy per cell. Genomic DNA from NIH-3T3 cells was used as the 
negative control (lane 1 in A and lane 1 in B). 
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15 
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17 
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17 


17 
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12 


33 
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40 



a, number of clones examined; b, number of clones with rearranged bands; c, total number of rearranged bands 
d p = 0.017 (9/17 vs. 2/15). 



e p = 0.017 (9/17 vs. 2/15). 
£-0.011 (17/33 vs. 2/15). 



was used to infect the same packaging cell lines, with similar 
loss of fluorescence and death of initially bright producer cells. 

Clones that had rearranged the proviral genome in such a 
way that GFP expression was abrogated but that retained the 
neo gene necessary for selection appeared to have a strong ad- 
vantage. This phenomenon was not seen in clones derived from 
transfection of packaging cells with non-GFP-containing vec- 
tor sequences. The GFP-containing clones not shown to have 
gross DNA rearrangements of the provirus still did not produce 
viral particles. Presumably smaller-scale deletions, rearrange- 
ments, or even point mutations occurred in those cell lines tiiat 
were not detectable by Southern blot analysis, but that nonethe- 
less abrogated both GFP expression and virus production with- 
out abrogation of the neo gene expression. 

The same problems were observed even when using hu- 
manized GFP, which was derived to take advantage of opti- 
mized human-type codon usage in hopes of improving transla- 
tion (Levy et ai. t 1996; Zolotukhin et al. 9 1996). The base pair 
changes are all silent, thus the native and humanized GFP genes 
differ only in their nucleic acid sequences and have identical 
amino acid sequences. This suggests that the problem of selec- 
tive disadvantage seems to be associated with expression of the 
GFP protein, not the gene itself or RNA expression. 

It is less likely that the vector backbone itself becomes in- 
herently unstable when expressing two transgenes. We have 
succeeded in establishing several producer cell lines containing 
the neo gene in the same position and expressing a second gene 
inserted into exactly the same cloning site as GFP, including 
GlNaIL3 (murine interleukin-3) and GlXmlFNy (murine in- 
terferon-?). Clones producing slot-blot-detectable, biologically 
active virus were obtained at high frequencies after G418 se- 
lection: 17/17 for GlNaIL3 and 32/40 for G lXmlFNy (data not 
shown). 

We have also transfected NIH-3T3, COS, and HeLa cells 
with aon-retroviral plasmids containing S65T-GFP to establish 
stable cell lines expressing GFP. Despite initially fluorescent 
populations of cells, over time the cells were no longer fluo- 
rescent and similar cell death phenomena and inclusion bodies 
were observed under confocal microscopy. Thus, this phenom- 
enon was not restricted to producer cells or to proviral plas- 
mids. Transfected HeLa cells retained fluorescence for the 
longest period (2-3 weeks), possibly because HeLa cells are 
highly transformed and may be more resistant to the deleteri- 
ous effects of GFP. There is one report of stable mammalian 
cell lines (BHK and CHO cells) expressing GFP (Olson et al % 



1995). But GFP was expressed as part of a fusion gene prod- 
uct with a cytoskeletal protein. This may have targeted the GFP 
to a location within the cell that was less problematic. Trans- 
genic mice expressing the GFP gene have been reported (Ikawa 
et al., 1995), but a systematic examination for any toxicity of 
the gene product has not been performed. Problems with GFP 
have been reported in other model systems. In plant cell trans- 
fections, it has been difficult to regenerate fertile plants from 
the brightest transfectants (Haseloff and Amos, 1995). 

The lack of virus production by cell lines containing specific 
vector sequences is not limited to constructs containing the GFP 
gene. Similar phenomena have been observed in producer cell 
lines expressing oncogenes, including abl and rel (Pear et a/., 
1993). Initially, the cell lines were shown to produce retro- 
viruses at relatively high titers, but titers fell sharply with con- 
tinued propagation of the cell lines. Although mechanisms were 
not well understood, it was hypothesized that it was due to some 
deleterious effect of the gene product (Ziegler et al, 1981). 

Recently, another form of mutant GFP was generated by us- 
ing DNA shuffling to produce molecular evolution, with re- 
sulting 42-fold improvement in fluorescence over wild-type 
GFP (Crameri et ai, 1996). This new variant form of GFP may 
change the behaviors we have observed. Another possible ap- 
proach would be to use an inducible promoter, allowing tran- 
sient expression of GFP for a long-enough time to allow se- 
lection of transduced cells but perhaps brief enough to avoid 
significant toxicity. Currently, GFP is not suitable for inclusion 
as a selectable marker in the well-characterized vector/packag- 
ing systems utilized in this paper, but further understanding and 
modification of this unique protein may allow more successful 
applications. 
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from an activated aequorin-coelenterazine complex 4 - 5 . The chro- 
mophore is produced horn autocyclization of three residues, 
senne-65, dehydrotyrosine-66, and glycine-67'- 6 . GFP is inactive 
until cyclization and oxidation of these three residues to generate a 
p-hydroxybenzylideneimadazolidinone chromophore (Fig 1) 
Molecular oxygen is required for fluorophore formation 7 The 
formed protein can be column purified, reriatured, and crystallized 
and still maintain its fluorescent characteristics a - lfl . These results 
prompted expression studies of wildtype GFP in prokaryotic and 
eukaryotic cells 2 . This basic understanding of GFP mechanistic 
properties has led, in turn, to additional modifications to extend its 
usefulness to other systems. Recently, a gain of function mutant 
GFP gene was generated by Heim and colleagues 11 that altered the 
senne-65 codon to a threonine codon resulting in a red-shifted 
excitation peak This red shifted GFP demonstrated superior fluo- 
rescence characteristics compared to wildtype GFP in prokaryotes". 

A few investigators have humanized the wildtype codons* 2 
A. victoria is classified in the phylum Ctenophora, and its codon 
usage is significantly different from that of mammals. Due to these 
differences, mammalian cells may not efficiently translate wildtype 
GFP mRNA. In this report, we describe the cloning and characteri- 
zation of amphotropic retroviral vectors capable of demonstrating 
efficient, stable transfer of a humanized, red-shifted GFP (hRGFP) 
gene into mammalian cells. Retroviral vector-transduced living 
cells have a stable, bright green fluorescence after excitation with 
blue light. PA317 VPC or A375 melanoma cells expressing the 
hRGFP vector demonstrated an intense greenfluorescence by FACS 
analysis. These findings pave the way for a wide variety of experi- 
mental and clinical applications of modified GFP genes. 



Since the inception of DNA transfer technology, there has been an 
intense interest in gene marker systems that allow direct observa- 
tion of Uansferred genes into living cells. Murine retroviral vectors 
have emerged in the past several years as the most common vehicle 
to deliver marker genes. Detection of markers such as p-galactosi- 
dase, luciferase, chloramphenicol acetyitransferase, and alkaline 
phosphatase involves either cell fixation that kills the cells or 
antibody-mediated detection. These methods are often time 
consuming and are prone to endogenous high background. 
Another group of gene transfer markers convey drug resistance 
and thus allow positive selection of transfected cells through 
selection of resistant colonies. Although drug selectable markers 
allow the detection of living cells expressing the transgene, 
they require that the cells survive in a toxic environment over a 
long period of time. These problems have led investigators to 
search for a better gene marker system that provides timely and 
accurate detection in living cells. One of the most promising new 
markers being developed to investigate gene transfer is the green 
fluorescent protein (GFP). 

A number of species use a bioluminescent GFP to emit green 
light after energy transfer from either luciferases or photoproteins 1 . 
The GFP gene product can function as a marker in living cells and 
animals and does not require a substrate (other than light) to visu- 
alize gene transfer 1 . The GFP gene was cloned from the jellyfish 
Aequorea victoria, and the protein was found to have extremely sta- 
ble fluorescence in vitro after stimulation with blue light 3 . 

The GFP cDNA encodes a 238 amino acid polypeptide with 
molecular weight of 27 kD\ GFP acts as an energy- transfer accep- 
tor that under physiologic conditions in A. victoria receives energy 

610 
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Figure 1. The GFP fluorophore. Blue light stimulates the excitation of 
a cyclized wildtype GFP fluorophore formed by serine-65, tyrosine-66, 
and glycine-67, emitting green fluorescence after stimulation. The 
red-shifted variant contains a mutation that converts serine-65 to 
threonine. TbEs results In a red shift of the excitation wavelength, 
increased amplitude of fluorescence, and a faster rate of fluorophore 
formation in the mutant GFP 11 . R = H (serine); R = CH3 (threonine). 
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Figure 2, Retroviral constructs containing the red-shifted, humanized 
green fluorescent protein. The wildtype GFP and the humanized, red 
shifted GFP gene were cloned into the pLNCX retroviral backbone 19 . 
Plasmid pLNCG was constructed by subcloning a wildtype GFP DNA 
fragment Into pLNCX. The LNChRG vector was constructed by 
subcloning a fragment containing the humanized, red-shifted GFP 
coding region into the multi-cloning site of pLNCX. (See Experimental 
protocol). LTR, long terminal repeat; pA, potyadenylatJon signal; 
arrows indicate transcriptional start sites; indicates the presence 
of the viral packaging sequence; GFP, wildtype green fluorescent pro- 
tein; hRGFF\ humanized, red-shifted GFP. 



Results 

Transfected cell lines. PA317 retroviral packaging cells and A3 75 
melanoma cells were transiently transfected with pLNCG or 
pLNChRG plasmids (Fig. 2), These two constructs led to signifi- 
cantly different levels of fluorescence after transient transfection 
(Table 1). Nontransfected PA317 cells did not demonstrate green 
fluorescence (Fig. 3 A). Transfected PA317 cells containing the 
wildtype GFP gene (pLNCG) exhibited fluorescence in <2% of the 
cell population that was detected after 48 h (Fig. 3B). However, 
transfection results with the humanized, red-shifted GFP retroviral 
construct (pLNChRG) were outstanding. Fluorescence can be 
detected as early as 9 h posttransfection. By 36 h, 30% to 40% or 
more of the cells are easily visualized, and contain enough protein 
to produce an intense fluorescence (Fig. 3D). Overall, with the flu- 
orescence detection filters used, pLNChRG transfected PA317 cells 
had enhanced fluorescent intensity and efficiency compared to 
PA317 cells transfected with wildtype GFP plasmid (pLNCG). We 
did not observe any cytopathic or growtij-irrhibiting effect due to 
GFP or hRGFP in transfected cells. 

Stable LNCG and LNChRG retroviral vector producer cells. 
Stable LNCG or LNChRG PA3 1 7 VPC were generated by lipofec- 
tion. Transfected PA317 cells were selected in media containing 
G418 (1 mg/ml). These stable LNCG or LNChRG PA317VPC were 
examined by fluorescence microscopy, The LNCG PA317 VPC line 
that contains the wildtype GFP gene exhibited no visible fluores- 
cence after excitation with 420-470 nm light (data not shown). We 
therefore analyzed the LNCG VPC line by PCR using GFP 
amplimers to detect host chromosomal integration of the LNCG 
vector. The GFP gene was present in all lines tested (data not 
shown). In striking contrast, the LNChRG PA317 VPC line 
demonstrated vibrant green fluorescence in nearly 100% of the 
cells after G418 selection (Fig. 4). The fluorescence in the LNChRG 
VPC line was capable of highlighting many subcellular organelles. 

Detection in LNChRG transduced A375 melanoma and 
NIH3T3tk- transduced cell lines. Supernatants from cultures 
of LNCG or LNChRG PA317 VPC were collected when the cells 
were 90% to 100% confluent. Supernatants were filtered and trans- 
ferred to tissue culture plates containing A375 melanoma cells or 



NIH3T3tk- cells. Twenty-four hours after the final exposure to the 
retroviral supernatants, the target cells were placed under G418 
selection. Most cells will contain only one integrated copy of the 
retroviral vector (C. Link, unpublished results). A3 75 cells trans- 
duced by LNCG VPC demonstrated no evidence of fluorescence 
despite the tact that PCR revealed the presence of GFP in the cellu- 
lar genome (data not shown). However, the neo r gene transferred 
by the LNCG vector was functional, since the A375 cell colonies 
were G418 resistant. In contrast, the LNChRG vector transduced 
A375 melanoma cells had bright fluorescence with nearly 100% of 
the selected cells demonstrating brilliant green fluorescent activity 
(Fig. 5A). Similarly, murine NIH3T3tk- fibroblasts transduced 
with the LNChRG retroviral vector demonstrated strong fluores- 
cence in nearly 100% of the cells (Fig. 5B). A375 and NIH3T3tk- 
cells, which do not contain a transduced LNChRG, do not exhibit 
any detectable fluorescence (unpublished results). We did not 
observe any cytopathic or growth-inhibiting effect due to GFP or 



Table 1. Cell lines expressing green fluorescent protein. 



Target 


GFP gene 


GFP gene 


Fluorescence 


% Fluorescent 


cell line 


transferred 


transfer method 


intensity** 


cells® 


PA317 


GFP 


Transient transfection 


+ 


<2% 


fibroblast 


GFP 


Stable transfection 


0 


0 




hRGFP 


Transient transfection 


+++++ 


30-40% 




hRGFP 


Stable transfection 




>99% 


A375 


GFP 


Transient transfection 


+ 


<2% 


melanoma 


GFP 


Stable retroviral 
transduction 


0 


0 




hRGFP ' 


Transient transfection 


+++ 


30-40% 




hRGFP 


Stable retroviral 
transduction 


+++ 


>99% 



GFP: wildtype GFP gene without red-shift mutation or codon modifications; 
hRGFP: GFP gene modified to convert codon 65-serine to threonine and 
codon sequences modified to common mammalian usage. # Relative fluo- 
rescence intensity under examination by microscopy. @ Percentage of 
ceils exhibiting fluorescence in the transfected or transduced population. 
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Figure a GFP detection In transfected cell Ones. Expression of GFP and hRGFP in mouse PA317 packagfna 
ceUs. Cells were transfected with DOTAP and 5ugof either pLNCG or pLNChRG. Cells were plated on glass 
coversiips before transfection. (A) PA317 cells without DNA transfection visualized under 40X magnification 
using the green fluorescent protein Longpass filter. (B)PA31 7 cells transfected with 5 ug pLNCG DNAand visu- 
ataed after 48 h under 40X magnification excited using the GFP Longpass filter set (420-470 nml (C) Same as 
(B), with additional phase contrast lighting (D). PA317 cells transfected with 5 ug pLNChRG DNA and visuaf- 
ized A f_^ er r 4 ?h ^ x magnification) using the FITC filter set (450-490 ran). (E) Same as (D) with additional phase 
contrast fighting. 




Figure 4. Detection of hRGFP gene activity in stable, transfected 
PA317 vector producer cells. Expression hRGFP in mouse PA317 
packaging cell after transfection with pLNChRG and selection 
Selected cells were piated onto glass coversiips. PA317 ceils trans- 
fected with p LNChRG were visualized >24 h after repiating using the 
FTTC filter set (40X magnification). 



f?.^!L^ re ^? Ion * hRGFP in numan A375 meianoma and murine 
NlH3T3tk- fibroblast cells after transduction with the LNChRG retrovi- 
ral vector. G418 selected cells were plated onto glass coversiips and 
visualized using the FITC filter set (A) A375 melanoma cells trans- 
M^o*r" th L . NChRG retroviral vector (40X) magnification. (B) 
NlH3T3tk- munne fibroblast cells transduced with LNChRG retroviral 
vector (40X magnification). 



hRGFP in transduced cells. 

FACS analysis of GFP transfected PA3 1 7 vector producer cells 
and LNChRG transduced A375 melanoma cells. PA317 cells that 
had been transfected by the LNChRG vector and selected were 
analyzed by FACS. Excitation with 488 nm light resulted in light 
emissions at 525 nm in LNChRG-containing cells. PA317 cells 
transfected and expressing hRGFP (Fig. 6B) were easily detected by 
a two-log shift from nontransfected control PA317 cells (Fig. 6A). 
A375 melanoma ceils transduced and selected with the LNChRG 
vector (Fig. 6D) were readily detected after excitation by shift in ' 
detected fluorescence over two logs compared to the control non- 
transduced A375 cells (Fig. 6C). These results demonstrate that 
GFP fluorescence can be quantified with available instrumentation. 

Discussion 

We have demonstrated the effectiveness of a humanized, red- 
shifted, mutant GFP by retroviral mediated gene transfer into 
human tumor cells and. murine fibroblasts. Mutations of the 



wildtype GFP gene have .resulted in GFP gene products with 
modified excitation and emission spectra 7 -' 3 . The longer wavelength 
excitation peak (475 nm) of native A. victoria GFP has lower 
amplitude than its shorter wavelength excitation peak (395 nm) 7 . 
Heim and colleagues" used mutagenesis of the fluorophore to alter 
the serine-65 residue. They reported gain of function mutants— 
m which serine-65 was replaced with alanine, leucine, cysteine, 
or threonine— that show a single excitation peak (470-490 nm) 
with fluorescence amplitudes from fourfold to sixfold greater than 
the wildtype gene product. Interestingly, this mutant abo shows 
a more rapidformation of. the fluorochrome. We modified GFP 
such that it contained the red-shifted mutation and codons most 
commonly translated in mammals 12 . We have evaluated this 
humanized version of a serine-65 to threonine codon mutant that 
demonstrates emission at 510 nm in our current gene transfer 
experiments. Comparisons between the wildtype GFP and the 
humanized, serine-65 red-shifted mutant (hRGFP) demonstrated 
substantial improvement in fluorescence expression after either 
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transfection or retroviral-mediated GFP gene transfer (Table 1). 

Wildtype GFP and GFP fusion proteins have been used in 
mammalian cells as markers of protein trafficking and gene 
' expression 14- '*. Of note, these experiments used transient trans- 
fection to obtain very high levels of wildtype GFP expression. Our 
experiments are in agreement with these results in that transient 
transfection which transfers multiple transgene copies of wildtype 
GFP expression cassettes were easily visualized, but we found that 
stable transduced cells with a single transgene copy of wildtype 
GFP could never be visualized by fluorescence microscopy (Table 1 ). 
However, our results demonstrate that a humanized, red shifted 
GFP transgene in single copy can produce excellent fluorescence 
(Fig. 5). Transgenic mice have been produced expressing a slightly 
modified wildtype GFP gene expressed from the chicken P-actin 
promoter 1 *. The fingers and tails of these transgenic mice were 
distinguishable as green under a fluorescent microscope, and 
homogenized tissue from the muscle, pancreas, lung, and kidney 
demonstrated fluorescence after excitation with 490 nm light. The 
visualization of vector gene expression in living transduced tissues 
with hRGFP may become an outstanding method to study in vivo 
gene transfer used in human clinical trials. 

Experimental protocol 

Cell culture. A3 7 5 is a human melanoma cell line (ATCC, Rockville, MD), 
PA317 is a murine amphotiopic, retroviral vector packaging cell line (kindly 
provided by A.D. Miller, University of Washington, Seattle). NIH3T3tk- is 
a murine fibroblast cell line (kindly provided by Dr. Robert Goldberg, 
N1H/NCI). Cells were grown in RPMI supplemented with 10% fetal calf 
serum (FCS) (Gibco BRL, Gaithersburg, MD) in monolayers at 37°C and 
5% C0 3 . Retroviral vector producer cells (VPC) were grown in RPMI with 
10% FCS in monolayers at 37°C and 5% C0 2 . All cells were passaged and 
harvested by standard (Gibco BRL)digestion at 37"C Cells were routinely 
passaged at 80% to 90% confluence. 

Plasmid preparation and digoxin probes. pGFP-Cl containing wildtype 
GFP was obtained from Cloncech (Palo Alto, CA). pTR-UF2 containing the 
hRGFP was kindly provided by Dr. Sergei Zolotukhin and Dr. Nicholas 
Muzyczka (University of Florida, Gainesville). Plasmid DNA was trans- 
formed into DH5ct competent cells and colonies grown onL-bro th supple- 
mented with ampiciilin (50 u«g/ml) plates (IB/AMP) and transferred onto 
nylon membranes. The membrane was probed with aDig-GFP probe using a 
digoxin probe kit (Boehringer-Mannheim, Indianapolis, IN). Primers for the 
Dig-GFP probe amplification of a GFP fragment were 5' primer 5' GGG 
AAG CTT TTA TTA TTT GTA TAG TTC ATC CAT GCC and 3' primer 5' 
GGG AAG CTT GCG CGT ATG GGT AAA GGA GAA GAA CTT. Positive 
colonies were grown up in LB/AMP broth, and plasmid DNA was isolated 
using the Qiagen plasmid prep kits (Qiagen, Chatsworth, CA). 

Construction of GFP retroviral vectors. Primers were made to amplify 
the 5' end of the CMV promoter/ enhancer and the 3' end of the wildtype 
GFP gene from the GFP-C1 vector (Clontech). The 5' primer includes 
unique Xbal, BamHI, and NotI restriction enzyme sites: 5' GGA TCT AGA 
GGA TCC GCG GCC GCC TAG TTA TTA ATA GTA ATC AAT TAC GGG 
GTC. The 3' primer includes 3 in-frame stop codons followed by a Hindlll 
restriction enzyme site: 5' GGA AAG CTT CTA TCA TTA TTG AGC TCG 
AGA TCT GAG TCC GGA CTT. GTA. The 1.3 kb CMV-GFP PCR product 
was cloned into PCR3-c!oning vector (Invitrogen, San Diego, CA) to gener- 
ate plasmid pPCR3CG-14. The 1.3 kb fragment containing the CMV pro- 
moter and GFP gene was gel isolated ( Jetsorb, Genomed, Bad Oeynhausen, 
Germany) from the pPCR3CG-I4 vector using BamHI and Hindlll restric- 
tion digest. The 800 bp retroviral CMV promoter was isolated from pLNCX 
using BamHI and Hindlll and discarded After gel isolation of the remaining ■ 
5.8 kb retroviral vector fragment, the 1 .3 kb CMV-GFP insert was direction- 
ally cloned to generate the plNCG construct. Finally, plasmid pTR„-UF2 
(Gene Bank Accession # U50963) was restriction digested with NotI and 
the 730 bp DNA fragment containing the humanized red shift GFP open 
reading frame was isolated. After Klenow treatment, the blunt ended DNA 
was ligated into pLNCX at the Hpal site. The resulting plasmid W3S desig- 
nated pLNChRG. 

Fluorescent detection of green fluorescent protein expressing cells. We 
visualized GFP expressing cells with a Nikon Labophot-2 Fluorescent 
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Figure 6. FACS analysis. Determination of hRGFP activity in stable 
populations of mammalian cells. Ceils were trypsin-digested and 
washed before analysis in a EPICS Profile II Analyzer. (A) PA317 pack- 
aging cells without transfection (negative control)- (B) LNChRG trans- 
fected PA317 vector producer cells expressing hRGFP after 
excitation. The large shift In peak detected mean fluorescence corre- 
sponds with hRGFP activity. (C) Nontransduced A375 cells (negative 
control). (D) LNChRG transduced A375 cells expressing hRGFP after 
excitation. The large shift in peak detected mean fluorescence corre- 
sponds with hRGFP activity. The FL1 emission channel was used to 
monitor green fluorescence. Count cell number counted at given 
fluorescence intensity; y-axls: a log scale of mean intensity. 



Microscope. The cube used in the microscope was either the green fluo- 
rescent protein Longpass 41015 filter set (excitation at 420-470 nm and 
emission at 490 to >600 nm) for the wildtype GFP detection (Chroma 
Technology Corporation) or the FITC dichromic filter set (excitation at 
450-490 nm and emission at 520 nm) for the hRGFP detection. Photographs 
were taken using the Nikon Microflex UFX-DX and AFX-DX systems. 

Transient expression of GFP. PA3 17 cells were seeded on a sterilized cov- 
erslip in a 6-well dish 12 to 24 h before transfection. Cells were at 30% to 
50% confluence at the time of DNA transfection. Five u.g of DNA and 15 
of DOTAP reagent (Boehringer Mannheim) was used as per the manufac- 
turer's protocol. The mixture was added to the plates containing either RPMI 
1640 with 10% FBS, 1% I-glutamine, and penicillin/streptomycin or in 
serum free media. After 10 to 18 b the media was replaced with RPMI with 
10% FCS. The coverslip containing the cells was placed on a slide and exam- 
ined forfluotescence 9 to 48 h after transfection. The cells remaining in the 
well (after the coverslip was removed) were trypsin digested and transferred 
to tissue culture dishes. After attachment these cells were placed under selec- 
tion with G418 (1 mg/ml) for 10 to 14 days. 
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Construction, subcloning, and tiding of LNCG and LNChRG vector 
producer ceil W The plasmid pLNCG or pLNChRG was transacted with 

? 2* h0tr ° pk rCtr0Wral P acka ^S Hne PA317. Twenty-four 
hours later, the cells were placed.under G418 (l mg/m l) selection for 

fiuence and supernatant* were removed to transduce target cells. Retroviral 
supernatant were filtered through 0.45 u-m filters (Nalgene. Kent, UK), sup- 
plemented with 10 »,g/ml of protamine sulfate and used to transduce A375 
rnelanoma or NIH3T3tk- fibroblast cells. The target A375 melanoma or 
NIH3T3tk- ceils were 40% to 60% confluent when transduced Twenty-four 
hours after the final transduction, cells were placed under G418 (1 rug/ml) 
ltT*J°J 10 * "-■f-Cdb were examined by fluorescence microscopy 
after l-eseeding the cells onto glass cover slips. 

fluorescence activated cell sorter analysis of transduced human cells. 
Cytometry of stable hRGFP transfected or transduced cells W as performed 

T™r^ T 7; ,Mlalni,FL) - CultUres of «°«fected PA317 cdls. 
LNChRG transfected PA317 cells, nontransduced A375 cells, or LNChRG 
transduced A375 cells that were 80% to 90% consent were trypsin digested 
washed W1 th RPMI with 10M PCS. and resuspended at a co^entrXn of 
approx.mately 1X,0' cells/ml. AU FAGS analysis used the PL 1 emission cC 
nel to monitor green fluorescence (normally a FITC monitor). 
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-J"SK^f£^ «2T «- ^en recently „. 

"u^fibroblastet^ we show .hat 

18-fo.d brighter than the cells transfected wTthTwSSI GFP cenT^r VT" ^ Uorescence 
improved GFP gene were also constructed t^uSS^Z^ ^^^^ expressing the 
mammalian cells. The inclusion of the R8QPM««» rt » . Su " afa 1 , " ly for stable S e °e transduction Into 
and resulted in a ''"orescen^^^ 

microscopy and fluorescence-activated cell sortpr /papq^I lu , by both fluor escence 
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Tlie green fluorescent protein (GFP) from the jellyfish Aequorea victoria 
has ^becomean importamrrwkerof gene expression'. The monomeric 
GFP consists of 238 amino acids andrequires no other Aajuorea pro- 
terns, substrates, or cofectors to fluoresce 1 -'. Thus, it is superior to olher 
reporters such as the R coli lacZ enzyme which requires transport of a 
fluorogenic substrate across cell membranes, or to cell-surface T epitope 
markers which require specific-antibody staining. 

Detection of green fluorescence from the expressed GPP cDNA 
has been demonstrated in several heterologous systems including 
E. cob, C. dtgm ad D. melanogaste^. However, the expression 

™ e ^ Ct f n .°i^ Idtype GFP (wtGFP) w "anmaltan cells 
reportedly faded'. Recently a fluorescent signal was detected 

rLZ,T? Jn, , Cr0SC J °Py when GFP-expressing vectors were 
transfected into cultured cells in which transgenes can be highly 
expressed" (unpublished data). Thus, the wtGPP expressed fa 
cultured mammahan cells emits a detectable green fluorescent 
signal, albeit at a relatively low level. «"»ccm 
The recombinant wtGFP purified from E. coli, as well as its 
native form, emrts bright green light (\max = 508 nm) when excited 
with to ultravaolet (UV) source (Xmax = 395 nm) or fluoresce 
weakly when excited with a blue light (Xmax = 470 nm). Excitation 
mthaWlrghtrapidlydiminishKGFPfluorescencewher™ 
tion with a 470 nm light results in weak but stable green fluores- 
cence' If the wtGFP expressed in mammahan cells displays the same 
excitation and enussion spectra as in yitro. then use of a conven- 

S tT^f T imil eXCitation wa ^ngths for the ' 

™f ^ ^ m "' ma L 1 emiSsion si 8 naIs - Florescence micro- 
copes typicaUy contain a bandpass filter transmitting a blue light 
(-480 nm) which a required to excite fluorescein and its derivatives 
to emu a green light (-530 nm). Common flowcytometers contain 
an Argon ion laser tuned at 488 nm, and at 350 nm (UV light) if a 
second laser >s added. In both cases, the wavelengths of excitL irmt 

the GFP s ,95 nm exatation maximum, and therefore are not opti- 

606 



microscopy, gene transduction, gene therapy ' 

mal for detecting the wtGFP fluorescence signal 

Two GFP mutants with excitation maxima around 490 nm have 
been created. One such red-shifted mutant was created by replac- 
ing 3 ammo acids'. This mutant GFP (RSGFP4) exhibits excitation 
and emission peaks at 490 nm and 505 nm, respectively. The other 
GFP mutant has a single amino acid substitution of serine-65 
to threonine, GFPS65T'. The E. cK-expressed GFPS65T dispVays 
excitation and emission maxima at 490 nm and 511 nm, respec- 
tively, and is sixfold brighter than the wtGFP' 

We show that the two mutant GFPs display a much brighter 
green fluorescence than the wtGFP in living mammalia^ Ss 
When exarnmed by FACS GFPS65T and RSGFP4 are 18-fold and 
24-fold, respectively, bnghter than the wtGFP. In addition, we have 
created retroviral vectors containing the improved GFP gene and 
used these vectors to express GFP in transduced cells. 

Results 

Analysis of wildtype and mutant GFP protein levels in trans- 

SS t^T* T ° C ° mpare thE M yP e ™ A ™t*nt 

S gene r Pre u s,on la "wmnialian cells, expression vectors con- 

?k ^ GFP ' RSGFP4 ' ° f GFPS65T were ton ^ted 
m o BOSC23 fibroblasts m which the transgene can be highly 

expressed. After two days, monolayers of transfected cells were 
examined by fluorescence microscopy with a fluorescein filter set 
£ee Experimental protocol). Cells transfected with eimer oTthe - 
nvo mutant GFP genes displayed much brighter green fluorescence 
than cells transfected with the wtGFP (data not shown). To quant? 
2ni e f^n flu ? resceace ^ these three GFP variants, 

Sp^I ^ ? alYKd by a flow c y tometer - ^ GFPS65T 
and RSGFP4 expressed in BOSC23 cells are approximately 18-fold 
and 24-fold, respectively, brighter than the wtGFP, provided The 
expression levels of all the three GFPs are similar (Fig. l) S mikr 

rC0sTcet te " ed f W ^ COS ;V eUS a -^r fraSon 

of COS-7 cells was transfected (data not shown). In addition, 
bright green fluorescent signals from the expressed GFPS65T and 
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RSGFP4 proteins (recorded in the fluorescein channel) did not 
spill over into the second emission channel, which is used to record 
other fluorophores with an emission wavelength longer than fluo- 
rescein (data not shown). This allows us to analyze or sort cells 
coexpressing GFP and another marker, using an appropriate fluo- 
rophore which fluoresces in the second channel. Likewise, we can 
analyze cells using a fluorescence microscope equipped with a dual 
bandpass filter set for two color analyses. 

Since the emission maximum of RSGFP4 is measured at 505 am 
in vitro, we investigated whether a 515/20 nrri filter (which selec- 
tively transmits 50$ to 525 nm emission light) would be better 
than the standard filter (530/30 nm), which is optimal for fluo- 
rescein emission. Using the RSGFP4-transfected BOSC23 cells, 
we observed little difference in signals between the two filters. 
However, the background green'fluorescence displayed in mock- 
transfected cells was twofold to threefold lower when the 515/20 nm 
filter was used (data not shown). Similar observations were also 
made with other cultured cells such as PA317 murine fibroblasts. 
Therefore, the ratio of the RSGFP4 signal to noise (i.e., background 
cell green fluorescence) in a FACS analysis can be improved two- 
fold to threefold if a 5 15/20 nm emission filter is used. 

GFP expression via retroviral-mediated gene transduction. An 
improved GFP gene that can be detected rapidly and noninvasively 
would be an invaluable tool for defining gene transduction strategies. 
Since retroviral vectors are widely used for stable gene transfer, the 
RSGFP4 gene was inserted into the murine stem cell virus vector 
(MSCV) to examine the use of GFP as a reporter gene for retroviral- 
mediated gene transfer and expression. In this GFP-expressing vector 
.{MGPN), expression of the RSGFP4 gene is controlled by the long- 
terminal repeat (LTR) while a selection gene (neomycin) is driven by 
an internal promoter (Fig. 2). The MGPN vector was transfected into 
the BOSC23 ecotropic packaging cell line, and cells were analyzed by 
FACS -two days after transfection. Approximately 28% of the cells 
emitted a green fluorescent signal (Fig. 3B). Supernatant from the 
transfected producer cells was then collected and tested for viral pro- 
duction measured by neomycin gene transduction of NIH3T3 cells. 
The end-point titer of the MGPN and MSCV retroviruses was simi- 
lar, ranging from approximately 0.5 to 1 X 10* G41 8 -resistant colony 
forming units per milliliter (cfu/ml). These results indicate that the 
RSGFP4 gene is not detrimental to virus production. 

In addition to measuring retroviral transduction of NIH3T3 
cells by neomycin selection, we also examined GFP expression 
mediated by infection with the MGPN retrovirus. NIH3T3 cells as 
well as an nmphotropic packaging line, PA317 murine fibroblasts, 
were infected with either MGPN or the control MSCV virus. The 
infected cells were then cultured for four days in the absence of 
G418 selection, before Irving cells were harvested and analyzed by 
FACS. More than 90% of MGPN-infected PA317 cells emitted 
green fluorescence compared to 0.5% for control MSCV-infeaed 
cells (Fig. 4). MGPN-infected cells yielded a positive population 
with a peak fluorescence 15-fold greater than background fluores- 
cence of the PA317 packaging cells. Therefore, GFP can be stably 
expressed in mammalian cells via a retroviral-mediated gene trans- 
duction. The GFP fluorescent signal in transduced NIH3T3 cells is 
less significant, mainly due to the high background fluorescence of 
NIH3T3 cells (data not shown). 

To determine whether viable GFP-expressing cells could be 
selected by FACS based on their fluorescent signal, we sorted out 
and subsequently expanded the top 10% of the MGPN-infected 
PA317 cells displaying the brightest fluorescence. More than 
90% of sorted cells were viable and resistant to G418. After 7 days 
expansion in culture, sorted producer cells displayed a brighter 
(approximately fourfold) fluorescent signal than the unsorted cells 
(Fig. 5). In addition, the end -point virus titer, produced by the 
sorted cells (approximately 1.0X10* cfu/ml), increased fourfold 



A (wtGFP) 



C (RSGFP4) 




Green Fluorescence 



Figure 1. FACS analysis of GFP gene expression in transfected human 
cells. GFP-expressing plasmids containing either the wtGFP gene (A), 
GFPS65T (B), or RSGFP4 (C) were used to transact BOSC23 cells. 
Forty hours post transfection, adherent cells were harvested and 
green fluorescence from transfected cells was analyzed by a flow 
cytometer tuned at 488 nm. The relative numbers of viable cells were 
then plotted as the function of variable intensities of green fluores- 
cence from individual cells. The profile of mock-transfected cells 
(dotted fines) is overlaid for comparison. The relative intensities of 
the peak green fluorescence from cells transfected with DGFP-C1, 
pGFPS65T-C1 and pRSGFP-C1 are respectively 16-fold, 318-fold 
and 400-fold, greater than that of mock-transfected cells. Therefore, 
GFPS65T and RSGFP4 expressed in BOSC23 cells are approximately 
18-fold and 24-fold, respectively, brighter than the wtGFP. 



MSCV 



MGPN 



MIG 




Figure Z GFP-expressing retroviral vectors. Murine stem cell virus 
(MSCV) with a neomycin (neo) gene driven by an internal promoter 
PGK-1 is the parental vector. MGPN, the RSGFP4 gene Is transcribed 
by the long-terminal repeat (LTR) of the MSCV. MIG, an Internal ribo- 
some entry sequence (IRES) was placed upstream of the RSGFP4 
gene; the Internal PGK-1 promoter and neo gene were deleted. See 
Experimental protocol for details. 



over unsorted PA.MGPN producer (0.2 X 10 6 cfu/ml). 

To coexpxess the GFP gene with another gene of interest, an 
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A (MSCV) 



B. (MGPN) 




C (MIG) 



Green Fluorescence 

F^rej. GFP expression in BOSC23 packaging cells transfected 
with retroviral vectors containing the RSGFP4 gene. BOSC23 cells 

r* 1 ,* 6 MS0V (A) ' MGPN » or MIG < C > ™* 
analyzed 2 days after transfection as in Figure 1. The profiles of ceils 

£££££ M^ G r PN ^ d M,G (C) are also 0veri * d with 1M * 
S i (d0tte 15 ne) - MGPN and MIG-transfected cells contain a 
cell population emitting green fluorescence (28% and 22.5% resoec- 
tiveiy) over the background (0.3% in MSCV-transfected cells). 



A (MSCV) 



B (MGPN) 



C (MIG) 




Green Fluorescence 

Figure 4 FACS analyses of GFP in transduced cells mediated by retro- 

71 ^? S ?? eCOtr ° plc P«*»*fl «to were Secte^ 

3 days before the infection and viral-containing supernatants were 

mI^^pm' IS" PA317 Cells were then infe^ed by erther 
MSCV (A), MGPN (B) or MIG (C) viruses produced by BOSC23 produc- 

wt£]ES£ ? ay f i after ,nfection - profiIe <* m ™-S2Si 

u^f^^ A 515/20 » — - ™er was 



internal ribosome entry sequence (IRES) was placed upstream of the 

?I 5f ^ MGPN vector after ddetin S ^ neomycin gene 
(Fig. 2). This construct creates two independent translational units 
eliminating possible alterations in the GFP or the gene of interest 
resulting from the fusion of the two proteins. The IRES-containing 
GFP retroviral vector, MIG, displayed slightly .weaker fluorescence in 
transfected BOSC23 packaging. cells than the MGPN vector (Fig 
3C). MIG viruses produced by BOSC23 cells were then used to infect 
PA317 cells as before. The infected ceUs emitted a fluorescent signal 
similar to cells infected with the MGPN vector (Fig. 4C). Together 
these studies demonstrate that GFP variants such as JRSGFP4 pro- 
vide a simple method for selective cell sorting and isolation of high- 
titer viral producer clones based on the fluorescent signal. In 
addition, GFP variants can be coexpressed as a vital marker to moni- 
tor retroviral-mediated gene transfer and expression. 

Discussion 

We have analyzed the expression of wildtype and mutant GFP 
(GFPS65T and RSGFP4) in several types of mammalian cells and 
show that these proteins are stable and properly processed to form 
functional ftuorophores. Expression of GFPs, either transiently or 
stably, are not detrimental to host cells. The GFPS65T and RSGFP4 
are 18-fold and 24-fold, respectively, brighter than the wtGFP 
in mammalian cells as measured by flow cytometry. Therefore these 
GFP variants are superior to the wtGFP for use with commonly used 
msd-uments optimized for fluorescein. In addition, the inclusion of 
RSGFP4 does not reduce the viral titer or the transduction efficiency 
of retroviral vectors. The improved GFP can be a useful marker 
either for monitoring gene transfer and expression, or for selecting 
transduced cells and high-titer viral producer clones. 

A potential disadvantage of using GFP, over other reporter 
genes such as the IacZ gene, is its sensitivity limit. This could 
become critical in some applications in which the GFP gene can 
only be expressed at a low level. In these cases, GFP > s green fluores- 
cent signal may not be much over the background fluorescence 
of some target cells. Functional 0-galactosidases (in tetrameric 
forms) encoded by the IacZ gene, in an hour can catalyze more 
than 10 substrate molecules, and prolonged incubation with 
excess substrates will further increase its maximal sensitivity 10 
However, the IacZ gene has some intrinsic limitations including-' 
1) endogenous 0-galactosidase activities in some mammalian cells, 
(2) the requirements to transport fluorogenic substrates across cell 
membrane and to maintain the cleaved fluorescent products 
within viable cells, and (3) the enzymatic reaction time". The latter 
two may limit the ability to sort viable cells expressing the IacZ 

?" hfl i t real ; time detection - In addition, the IacZ gene 
(3081 bp) is signiflcandy larger than the GFP gene (710 bp), which 
may lead to reduced titers of retroviral vectors containing an addi- 
tional gene of interest. Although we may not be able to reach the 
upper hmit of sensitivity of the IacZ enzymatic assays, an improved 
detection system and/or use of a further-improved GFP gene 
may constitute a more versatile reporter and vital marker that is 
sensitive enough for most biological applications. 

We can envision several ways to further increase fluorescence • 
sensitivity using GFP. One way is to place the improved GFP on the 
surface of cells to make it more accessible. Our preliminary experi- 
ments show that we can make a functional GFP associated with the 
outer cell membrane (data not shown). The localization of GFP on 
the cell membrane should also help the detection and imagery by 
fluorescence microscopy which is normally less sensitive than 
FACS, Alternatively, other GFP mutants known to be very bright in 
E. coh" may also be brighter in mammalian cells. Applicationrmay 
include monitoring gene transfer and expression in gene therapy 
protocols, monitoring specific gene expression during critical 
developmental and disease states, and screening drugs which mod- 
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ulate the regulatory elements of gene expression. 
Experimental protocol 

DNA manipulations and expression vector constructions. Mammalian 
expression vectors containing either the wtGFP gene (pGFP-Cl) or the 
RSGFP4 (pRSGFP-Cl) were obtained from Clontech laboratories (Palo Alto, 
CA). In these vectors, the GFP genes are controlled by the immediate early 
promoter of human cytomegalovirus*. The vector containing the S65T point 
mutation was made by replacing the Ndel fragment (220 bp) in pGFP-Cl 
with a PCR- genera ted fragment containing a mutator primer based on the 
published sequence'. To make GFP-containing retroviral vectors, the 750 bp 
GFP fragment (from Eco47M to Xhol) from pRSGFP-Cl >vas cloned into 
the MSCVneoEB vector of the Hpal and Xhol sites". The MSCVneoEB 
(MSCV) vector also contains a neomycin gene controlled by the internal 
PGK-1 promoter. This GFP-expressing retroviral vector is named MGPN. lb 
create the retroviral vector MIG, in which the RSGFP4 is downstream to an 
internal ribosome entry sequence (IRES), the neomycin gene expression cas- 
sette ( 1300 bp) was first deleted from MGPN, and a 600 bp IRES fragment 11 
was then inserted upstream to the RSGFP4 gene (the details of construction 
will be published elsewhere or provided upon request). All the plasmids were 
amplified in the DH5ct E. coli strain (BRL, Gaitherburg, MD), and purified 
using a Protnega's raidi-preparation kit (Madison, YVT). 

Cell culture, transfection, fluorescence microscopy and FACS. Culture 
media (DMEM) vere purchased from BRL and fetal calf serum (FCS) from 
Hyclone (Logan, UT). An ecotropic packaging cell line BOSC23, derived 
from the SV40 T antigen-transformed 293 human embryonic kidney (293T) 
fibroblasts, was cultured in DMEM plus 10% FCS". The PA317 amphotropic 
packaging cells were cultured with DMEM plus 5% FCS IS . For transfection, 
near-confluent BOSC23 cells were incubated with the precipitating mixture 
of CaP0 4 and saturating amounts of plasmids for 8 h before being replen- 
ished with fresh medium". Unless otherwise indicated, BOSC23 cells were 
harvested by trypsin/EDTA (BRL) 40 h posttransfection, and resuspended 
in PBS plus 5 mM EDTA and 0.5% BSA for FACS analyses. Propidium 
iodide (0.5 jxg/ml) was added to the cell suspension to exclude dead or dying 
cells from FACS analysis. Either a FACScan cy tometer or FACStai* 1 "* sorter 
(Becton-Dickinson, San Jose, CA) equipped with an Argon ion laser tuned at 
488 nm was used, and green fluorescence is recorded in the FL1 emission 
channel (normally used to detect fluorescein or its derivatives). Unless other- 
wise indicated, a standard 530/30 nm filter is used for the FLl emission 
channel. We have also compared a 515/20 emission filter with the 530/30 
filter in the FACStar^ sorter (all filters are made by Chroma Technology 
Corp., Brattleboro, VT). Cells infected by different GFP-containing vectors 
were analyzed similarly. An Olympus fluorescence microscope with a 
mercury arc lamp (100 Watt) and a fluorescein filter set (consisting of a 
480/40 nm excitation filter and a 535/50 nm emission filter) was used to 
detect GFP in living cells, or fixed cells treated by 3.6% para-formaldehyde. 
Fluorescence in living cells cultured on plastic dishes (with full media) is 
readily detectable within 24 h after transfection with the GFP65T-or 
RSGFP4- expressing plasmid. The signal was further enhanced when the 
media was replaced by PBS. 

Retroviral production and infection. The BOSC23 cells were also used to test 
the retroviral constructs and to produce ecotropic retroviruses". Two days after 
transfection, confluent BOSC23 cells were incubated with a minimal volume of 
fresh medium at 32°C. Then supernatant containing virus was collected every 12 
to 24 h over the next 72 h. The endpoint titers of viral stocks were measured 
based on the neomycin gene transduction in NIH3T3 cells (10 days in the pres- 
ence of 1 mg/ml active G418 from BRL). Viral infection was done essentially the 
same as the published protocol". Afterward cell pellets were resuspended in fresh 
medium and cultured for 2 to 5 days before being analyzed by FACS. 

Note added In proof 

Yang et aL also reported that by using fluorescence microscopy, they can detect 
green fluorescence from RSGFP4 and wildtype GFP in CHO-K1 mammalian 
cells transfected respectively with the pRSGFP-Cl and pGFP-Cl expression 
plasmids. Yang, T.-T, Kain, S.R, Kitts, P., Kondepudi, A., Yang, M.M., and 
Youvan, D.C. 1996. Dual color microscopic imagery of cells expressing the 
green fluorescent protein and a red-shifted variant Gene {in press). 
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Figure 5. FACS analyses of GFP expression in stable PA31 7 packaging 
cells producing MGPN viruses. The PA317 packaging cells producing 
MGPN were generated by infection with BOSC23-produced MGPN 
viruses (see Fig. 4B). Part of these infected cells were used to estab- 
lish a stable PA317 producer cell line (PA.MGPN} after G418 selection. 
The remainder were used to isolate the brightest 10% of GFP- 
expresstng producers. After 7 days expansion in the presence of 
G418, both unsorted (A) and sorted (B) PA.MGPN producers were ana- 
lyzed by FACS as described in Figure 1 . The mean fluorescence inten- 
sity of sorted cells is fourfold greater than that of unsorted cells. 
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Is green fluorescent protein toxic to the living cells? 
Liu HS, Jan MS, Chou CK, Chen PH, Ke N J. 

Medical College, National Cheng Kung University, Tainan, Taiwan, Republic of China. 

Green fluorescent protein (GFP) has become more popular to be used as a living marker for 
positively transfected clones in many studies. To establish stable cell lines constitutively 
expressing GFP, three GFPs expressed from plasmid pBIEGFP, pSGSGFP, and pRSGFP 
were introduced into NIH/3T3, BHK-21, Huh-7, and HepG2 cells. All the GFPs we used are 
the mutant forms of a common wild phenotype. The pBIEGFP expressed enhanced GFP 
(EGFP). The pRSGFP and pSG5GFP expressed red shift GFP (RSGFP). The RSGFP gene 
in pSG5GFP was driven by a strong SV40 promoter and showed at least 20-fold higher 
RSGFP expression by western blot analysis. Despite of the variation in the levels of GFP 
expression, many GFP expressing cells contracted, rounded-up, and died, which was 
confirmed by decreasing luciferase activity. CPP32 activity and flow cytometric analyses 
further demonstrate that cells expressing GFP underwent apoptosi s. Our observation is 
contradictory to other reports that GFP is nontoxic to the cells. Most importantly, this pape r 
shows for the first time the link between expression of GFP and induction of apoptosis . TtTTs 
rinding should promote studies of GFP cytotoxicity and attempts to isolate new non-toxic 
mutants of GFP. Copyright 1999 Academic Press. 
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New/Noteworthy lead to exclusive transduction of retinal pigmented epithelium in 
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Duisit G, Conrath H, Saleun S, Folliot S, Provost N, Cosset FL, Sandrin 
V, Moullier P, Rolling F. 

Laboratoire de Therapie Genique, CHU-Hotel DIEU, Bat. J. Monnet, 30 
Avenue J. Monnet, 44035, Nantes Cedex 01, France. 

The purpose of our study was to evaluate lentiviral vector-mediated rat retine 
transduction using simian immunodeficiency virus (SIV) pseudotyped with 
envelope proteins from vesicular stomatitis virus G glycoprotein (VSV-G), 
Mokola virus G protein (MK-G), amphotropic murine leukemia virus 
envelope (4070A-Env), influenza A virus hemagglutinin (HA), lymphocytic 
choriomeningitis virus G protein (LCMV-G), and RD1 14 retrovirus envelop* 
(RD1 14-Env). The six pseudotyped lentivirus vectors carried CMV-driven 
green fluorescent protein (GFP) or beta-galactosidase (beta-gal) reporter 
genes. Intravitreal and subretinal injections of each pseudotyped recombinan 
SIV were performed in cohorts of Wistar rats. Our results showed that no 
transgene expression was detected after intravitreal injection of each 
pseudotyped SIV vector. Also, no transduction could be detected following 
subretinal injection of RD1 14 pseudotyped SIV vectors. However, selective 
transduction of retinal pigment epithelium (RPE) cells was repeatedly 
obtained after subretinal delivery of VSV-G, MK-G, 4070A-Env, HA, and 
LCMV-G pseudotyped SIV. GFP expression was maximum as soon as 4 day 
postadministration for VSV-G, MK-G, 4070A-Env, and HA pseudotypes, 
with no evidence of pseudotransduction for VSV-G. Maximum transgene 
expression was observed 3 weeks postinjection for LCMV-6. Importantly, 
HA and VSV-G pseudotyped SIV lead to such a high level of transgene 
expression that GFP-related toxicity occurred. Therefore, when a high level 
of GFP synthesis is achieved, replacement of enhanced GFP (eg f p T Aeq uorea 
victoria) by a low-toxicity GFP (Renilla reniformi s) cDNA is necessary to 
allow long-term expression. 
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• Low Toxicity Reporter Does Not Interfere With Expression of Your Gene 

• High-Level Green Fluorescence is Easy to Detect 

• Stable Expression Allows hrGFP for Use in Generating Stable Cell Lines 

4 common complaint of users oftheAequorea protein (EGFP) is unstable expression caused by its high toxicity. Cellular 
toxicity caused by EGFP may cause artifacts in the interpretation of your data, even though it does not change the appear 
of the cells. 

Strata gem h as s olved the problem of unstable expression caused bv toxic Aequorea GFPs- Stratagem 's Vitality™ hrGFP*' ' 
derived jrom a completely different organism and humanized for low-toxicity mammalian expression. 
Low toxicity means it is now possible to study gem expression without introducing unwanted artifacts into your experiment. 
hrGFP is available in a variety of mammalian expression vectors making it easy to find the best vector for your application. 

New Organism, New Performance 

Green fluorescent protein (GFP) has become a versatile tool for monitoring mammalian expression and protein localization ii 
fields of biochemistry, molecular and cellular biology, high-throughput screening and gene discovery. Until recently, the mo; 
commonly used GFP has been that obtained from the jellyfish Aequorea victoria. Unfortunately, this protein has the drawbac 
relatively high cellular toxicity, as well as other characteristics that limit its performance. 



Home > Back > Product Literature Center 



■ m Log i n (© • Reg iste r 




advertisement 




Don't Let a Toxic GFP Skew Your Results! 



Figure 1 
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Number of Genes Up- or Down-Regulated 




Both hrCFP alone EGFP atone 

hrCFP andECFP 
In common 



EGFP Alters GEne Expression Profile in Cells after Only One Day 

Data sets represent the number of genes either up-or-down- regulated i 2-fold from normal expression due to the presence of Vitality™ hrGFP. 
The data was generated by probing microarray slides containing 10,800 human genes with RNA from three populations of HeLa cells; hrGFP- 
expresslng cells and a control population. The RNA was harvested one day post-transduction. 

A humanized GFP from another organism , Renilla reniformis, h as characteristics that make it a superior alternative to the Aet 
protein for use as a biological marker. Renilla hrGFP absorbs light with a 2.5-fold higher extinction coefficient than EGFP. P 
hrGFP has a broader range of pH stability than Aequorea GFP, and is more resistant to organic solvents, detergents, and profc 
Our side-by-side in vivo comparisons reveal this dramatic difference in performance. 

Microarray Data Reveals Dramatic Difference in Performance 

Most importantly, hrGFP is less toxic and does not perturb cellular gene expression the way that EGFP can. This difference i 
performance is clearly illustrated using microarray analysis and fluorescence microscopy to compare the gene expression pro 
HeLa cells expressing either hrGFP or EGFP. The microarray results (Figure 1) show that underlying changes in gene expres 
occur in EGFP-expressing cells after only 1 day, even though these changes do not affect the appearance of the cells by 
fluorescence microscopy after as many as three days (Figure 2). 
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Gene Expression Changes Do Not Affect the Appearance of the Cells Under Fluorescence Microscopy 

Hela cells were transduced at equivalent multiplicity with the oFB retroviral vector harboring either hrGFP or EGFP. Mean (y) 
fluorescence is an indirect indicator of relative expression levels and indicates the GFP expression levels were comparable. 
Photographs were taken using fluorescence microscopy three days post-transduction. 

Analysis using a 10,800-spot microarrayshows that gene expression levels are dramatically altered for over 3,000 genes in th- 
EGFP-expressing cells. In cells expressing hrGFP, only a few hundred genes change expression levels. Each population was 
transduced with the equivalent multiplicity of infection (MOI) to ensure expression levels were comparable for the two GFPs 

These side-by-side experiments show that expression of Vitality hrGFP has very little effect on the gene expression profile ol 
host, preserving the stability and health of the host. With hrGFP, you can study the expression of your gene of interest withoi 
wondering how the reporter may be affecting your experiment. 

Array of Expression Vector Choices 

We offer an array of expression choices so you can easily choose the vectors that best match your applications. These expres: 
choices include bicistronic, protein fusion, subcellular localization, promoterless, retroviral, and signal transduction. Many oi 
vectors also contain a LoxP site, where either hygromycin, puromycin, or neomycin resistance cassettes can be quickly insert 
using site-specific recombination to provide your choice of drug-resistance markers. 

No Toxicity Worries 

Because expression of hrGFP is stable and toxicity is low, you can use the Vitality hrGFP reporter for in vivo gene expressio 
studies, and you no longer have to worry about the toxicity of your reporter affecting your results in stable or transient experi 

Contributing Scientists 

University of Texas Southwestern Medical Center: 
Skip Garner and Tim Macatee 

Stratagene: Peter Vaillancourt, Brenda Rogers and Yuedi Wang 
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Vitality® hrGFP II Mammalian Expression Vectors 



• Easy to detect 

• Brighter than EGFP 

• Less toxic than EGFP 

• Antibodies now available 



Green fluorescent protein (GFP) has become an extremely versatile tool for 
tracking and quantifying biological entities in biochemistry, molecular, and 
cell biology research, as well as high-throughput screening and gene 
discovery. The search continues for brighter and spectrally distinct 
fluorescent proteins to expand this research. Our new and improved 
Vitality® hrGFP II fluoresces brighter in mammalian cells and is less toxic 
than EGFP, making it easier to use for mammalian expression experiments. 
Detectable by fluorescence microscopy and flow cytometry, hrGFP II is 
optimal for mammalian expression studies, including gene expression, 
transfection efficiency, and protein localization. 
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> Related Products 
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Brighter Is Better, Less Toxic 



Vitality® hrGFP II is the next generation of our humanized, Renilla reniformis green fluorescent 
protein (hrGFP). The fluorescence spectra for hrGFP and hrGFP II are essentially identical to the 
published spectrum for the purified native protein, with the major excitation peak at 500 nm and 
the emission peak at 506 nm. 

After random mutagenesis of the original hrGFP, Vitality hrGFP II fluoresces four times brighter 
than our original hrGFP and two times brighter than EGFP, the Aequorea victoria jellyfish variant. 

Furthermore, viability experiments with wild-type hrGFP show that the expression of functional 
fluorescent protein in retrovirus-transduced cells is substantially more consistent and less toxic 
over time and passage number for hrGFP than for EGFP. Thus, stable GFP-expressing cell lines 
will be produced much more efficiently using our hrGFPs compared with EGFP. 



Tools to Enhance Your GFP Detection 

We offer three Vitality hrGFP II vectors for mammalian expression. These vectors support a 
variety of expression configurations, thus providing ideal expression options for each specific 
application. HrGFP II allows expressed genes to be easily visualized using fluorescence 
microscopy or fluorescence -activated cell sorting (FACS). 

We also offer a Vitality full-length hrGFP polyclonal antibody which recognizes the wild type green 
fluorescent protein, hrGFP, and the hrGFP II mutant as well as N- and C- terminal fusions to these 
proteins. Applications include Western blotting, immunoprecipitation, and flow cytometry. 
Because hrGFP is derived from a different organism, the hrGFP antibody does not cross react with 
the Aequorea victoria GFP variant, EGFP. 
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Search Citations Database 
» Licensing 

Certain hrGFP products, and other products containing hrGFP variants, are covered 
by the following license terms. 

Use of Stratagene's Vitality® hrGFP products containing DNA sequences coding for 
Renilla reniformis green fluorescent protein (GFP) variants or proteins thereof 
requires a license from Strata gene. 

With purchase of the Products, non-profit research entities are granted a 
complimentary license for non-commercial research use, the terms of which are 
disclosed in detail in the Non-Commercial Research Use License for Nonprofit 
Entities accompanying the Products. 

Commercial entities are granted a license for non-commercial research use, the 
terms of which are disclosed in detail in the Non-Commercial Research Use License 
for Commercial Entities. These licenses specifically exclude any rights to (i) modify 
the coding region of the nucleic acid encoding the fluorescent protein of the 
Products, (ii) offer the Products, or any component, derivative or modification 
thereof, for resale, or (iii) distribute, transfer, or otherwise provide access to, the 
Products, or any component, derivative or modification thereof, to any third party 
for any purpose or use. 

For license information for commercial use, please contact: Business Development, 
858-535-5400 (phone) or 858-535-0071 (fax). 

Use of the CMV promoter is covered under U.S. Patent Nos. 5,168,062 and 
5,385,839 owned by the University of Iowa Research Foundation and licensed FOR 
RESEARCH USE ONLY. 



Product: 


Manual: 


Catalog #: 


Amount: 


Stock: 


Vitality® hrGFP II-l Mammalian Expression Vector 


^ Manual 


240143 


20 ug 


In Stock 


Easily transfer hrGFP II gene to vector of choice using convenient restriction sites or PCR amplification 







Vitality® hrGFP II-C Mammalian Expression Vector 


t9 Manual 


240144 


20 ug 


In Stock 


Express recombinant protein with hrGFP II fused to the C-terminus 










Vitality® p hrGFP II-N Mammalian Expression Vector 


"B Manual 


240145 


20 ug 


In Stock 



Express recombinant protein with hrGFP II fused to the N-terminus 
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Vitality hrGFP Mammalian Expression Vector 



Frequently Asked Questions 

• What is hrGFP? 

The name hrGFP refers to humanized Renilla reniformis green fluorescent protein (GFP). Stratagene has isolated a 
cDNA clone of GFP from a sea pansy, R. reniformis. We have fully humanized the gene using codons preferred in 
highly expressed human genes. 

• What are the advantages of using hrGFP as compared to EGFP? 

The purified R. reniformis GFP has certain characteristics that implicate it as a more attractive alternative to the 
Aequorea protein for use as a biological marker. Renilla hrGFP absorbs light with a 2.5-fold higher extinction 
coefficient than EGFP. R enilla hrGFP has a broader range of pH stability than Aequorea GFP, and is more resistant to 
organic solvents, detergents, and proteases. 



In addition, there is data that indicates that hrGFP is less toxic than the EGFP in some cell lin es. A common 
complaint of EGFP users is unstable expression caused by cell toxicity. Stratagene has solved this problem by cloning 
a GFP cDNA from a completely different organism, a sea pansy called Renilla reniformis, to create our new low- 
toxicity humanized Renilla GFP (hrGFP). In-house data has shown that high level expression of functional 
fluorescent protein in retrovirus-transduced cells is more consistent and less toxic over time and passage number for 
hrGFP as compared to EGFP (Strategies vol. 13, #3). We have recently probed microarrays containing > 10,000 
genes with using RNA from EGFP or hrGFP-expressing cells, and found that gene expression levels are dramatically 
altered for over 3,000 of these genes in the EGFP-expressing cells, while only altered for a few hundred genes in the 
hrGFP-expressing cells. 

• Which wavelengths are used to excite and detect hrGFP using FACS or Fluorescent Microscopy? 

The hrGFP excitation and emission maxima are 500 and 506 nm, respectively. The hrGFP can be excited and 
fluorescence detected at the same wavelengths as EGFP. Filter sets compatible with the detection of hrGFP and EGFP 
are sold by Omega Corporation under the following product numbers: Exciter Filter 475AF40, Emitter Filter 
535AF45, and Beam Splitter 505DRLP. 

• How do I obtain a commercial license? 

For commercial use of the hrGFP vectors, licensing information can be obtained by contacting: Stratagene's Vice 
President of Business Development, 

1-800-894-1304 or 858-535-5400 (phone) or 858-535-0071 (fax). 

• How do I obtain the hrGFP vector sequence? 

Full sequence information is available upon purchase of an hrGFP-containing vector. The vector component locations 
and restriction maps are available on Stratagene's website: 
http://www.stratagene.com/vectors/selection/eukarvotic.htm . 

• How are stable cell lines generated? 

Stratagene's Vitality hrGFP reporter vectors utilize Oe-mediated site-specific recombination to allow for the 
introduction of a desired eukaryotic resistance gene so that stable 

hrGFP-expressing cells can be established. Each eukaryotic resistance module contains a LoxP site for insertion of the 
hygromycin, puromycin, or neomycin-resi stance module into the LoxP site of any of the Vitality hrGFP vectors. 

• Which cell lines has Stratagene expressed hrGFP? 
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Stratagene has expressed hrGFP in a range of cell lines, including HeLa, NIH3T3, CHO, 
COS7, and 293. 

• What are the optimized transfection conditions? 

Transfection conditions must be optimized by the researcher for each target cell and vector DNA type used. 
Optimization factors include: method of transfection, cell culture dish size, cell type, cell density, DNA concentration, 
and DNA purity. 

• What is the size of the hrGFP? 

The hrGFP protein has a molecular weight of approximately 30 kD. 

• Do we have an antibody to hrGFP? ' : 

No. However, we are currently developing both a polyclonal and a monoclonal antibody to hrGFP. 

• Is hrGFP "red-shifted"? 

No. The hrGFP excitation and emission peaks are narrow and there is no need to alter the excitation peak of hrGFP. 
The spectral profiles for hrGFP are similar to those for the red-shifted Aequoria GFP (EGFP).. 

• Are hrGFP color variants available? 

Not at this time, however, Stratagene is currently developing color variants of hrGFP for multi- labeling applications. 

• What is the half-life of hrGFP? 

We have not determined the specific half-life of hrGFP. We anticipate determining this value and developing 
destabilized hrGFP variants with short half-lives allowing for real-time expression analysis. 

• How does the IRES affect the expression of the downstream hrGFP? 

In general, the EMCV IRES decreases the expression levels of the downstream gene relative to the first, upstream 
gene. Stratagene has made some modifications to the IRES that have enhanced the brightness of downstream hrGFP 
expression compared with the standard EMCV IRES. In transient transfections of HeLa cells, using the pIRES- 
hrGFP-la„ the hrGFP fluorescent signal is approximately 50% as fluorescent as phrGFP-C, which has hrGFP with a 
Kozak but no IRES. This is very bright and will be suitable for most applications. 

• Has the hrGFP been used in mice? 

The hrGFP has not yet been used in vivo studies. 
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Comments for pcDNA3: 
5446 nucleotides 

CMV promoter: bases 209-863 

T7 promoter: bases 864-882 

Polylinker: bases 889-994 

Sp6 promoter: bases 999-1016 

BGH poly A: bases 1018-1249 

SV40 promoter: bases 1790-2115 

SV40 origin of replication: bases 1984-2069 

Neomycin ORF: bases 2151-2945 

SV40 poly A: bases 3000-3372 

ColE1 origin: bases 3632-4305 

Ampicillin ORF: bases 4450-5310 




$lnvitrogen 

life technologies 



The sequence of pcDNA3 has been compiled from information in sequence databases, published sequences, 
and other sources. This vector has not yet been completely sequenced. If you suspect an error in the 
sequence, please contact Invitrogen's Technical Services Department. 



I 



Methods 

Overview 



Introduction pcDNA3. 1(+) and pcDNA3. l(-) are 5.4 kb vectors derived from pcDNA3 and designed 

for high-level stable and transient expression in mammalian hosts. High-level stable and 
non-replicative transient expression can be carried out in most mammalian cells. The 
vectors contain the following elements: 

• Human cytomegalovirus immediate-early (CMV) promoter for high-level expression 
in a wide range of mammalian cells 

• Multiple cloning sites in the forward (+) and reverse (-) orientations to facilitate 
cloning 

• Neomycin resistance gene for selection of stable cell lines 

• Episomal replication in cells lines that are latently infected with SV40 or that express 
the SV40 large T antigen (e.g. COS-1, COS-7) 

The control plasmid, pcDNA3. 1/CAT, is included for use as a positive control for 
transfection and expression in the cell line of choice. 



Experimental Use the following outline to clone and express your gene of interest in pcDNA3. 1 . 

Outline l . Consult the multiple cloning sites described on pages 3-4 to design a strategy to clone 

your gene into pcDNA3. 1 . 

2. Ligate your insert into the appropriate vector and transform into E. coli. Select 
transformants on LB plates containing 50 to 100 \ig/m\ ampicillin. 

3 . Analyze your transformants for the presence of insert by restriction digestion. 

4. Select a transformant with the correct restriction pattern and use sequencing to 
confirm that your gene is cloned in the proper orientation. 

5. Transfect your construct into the mammalian cell line of interest using your own 
method of choice. Generate a stable cell line, if desired. 

6. Test for expression of your recombinant gene by western blot analysis or functional 
assay. 
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